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Abstract 
Tripogon is a genus of short to medium-sized grasses in the subfamily Chloridoideae.  It 
is composed of 45 species that are commonly found in dry, seasonally moist or always 
moist habitats of Africa (including the Arabian Peninsula), Americas, Asia (including the 
island of New Guinea) and Australia.  Tripogon includes fourteen species that are 
desiccation tolerant and have resurrection capability.  Several species exhibit 
infraspecific variation.  The occurrence of several inflorescence forms in the widely 
distributed Australian species, T. loliiformis, had led some scientists to suggest that it 
could be multiple species. The taxonomy of T. loliiformis has never been studied.  The 
only study that includes leaf anatomy and leaf and lemma micromorphology, in addition 
to gross morphology, showed that the American species, T. spicatus, share 
morphological similarities with T. loliiformis and with the African species, T. minimus.  
There are no other studies involving leaf anatomy and leaf and lemma surface 
morphology (micromorphology) of Tripogon.  Additionally, a genus-wide phylogenetic 
study to determine the relationships of the different species of Tripogon is lacking.  
Phylogenetic studies, using chloroplast and nuclear DNA sequence data at the subfamily 
and family levels that have included, at most, two species of Tripogon, indicate that the 
genus forms a clade with two other desiccation tolerant grasses – Eragrostiella and 
Oropetium.  The limited and varying taxonomic sampling in these phylogenetic studies 
leaves open the possibility of Eragrostiella and Oropetium being sister groups to 
Tripogon or nested within it. 
 
The lack of sufficient information on the leaf anatomy, leaf and lemma 
micromorphology and phylogenetics of Tripogon leaves open questions that were 
addressed in this thesis.  The general aim of the thesis was to determine the leaf 
structure (leaf anatomy and micromorphology), inflorescence structure (morphology of 
the spikelets and florets and lemma micromorphology) and phylogenetic relationships 
of Tripogon and affiliated genera (Eragrostiella and Oropetium).  Special reference was 
made to the sole Australian species, T. loliiformis, for which a taxonomic revision has 
been suggested by some authors.  The specific aims of this research project were to 1) 
describe and compare the leaf structure through light and scanning electron 
microscopy; 2) describe and compare the inflorescence structure using light and 
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scanning electron microscopy; and (3) reconstruct the phylogeny of Tripogon and 
affiliated genera using molecular (two chloroplast and one nuclear DNA regions) and 
morphological (vegetative and reproductive structure) data. 
 
The leaf structure of all species of Tripogon and affiliated genera is almost similar.  The 
structure of the epidermal cells varies depending on the leaf conditions (i.e., hydrated 
green vs. dehydrated desiccation-tolerant pigmented).  The organisation of the 
mesophyll cells is predictive of a NAD-ME pathway of C4 photosynthesis, indicating that 
these grasses have preference for hot and dry habitats.  The morphology of the spikelets 
and florets varies considerably between species of Tripogon, within T. loliiformis and 
between Tripogon and affiliated genera.  Variation in T. loliiformis is observed in the 
length of inflorescences, spikelets and florets and in the degree of overlap of spikelets.  
However, the lemma micromorphology of all species studied is similar. 
 
Maximum parsimony, maximum likelihood and Bayesian analyses resulted in 
essentially similar tree topologies using different molecular data sets. The relationships 
in the trees obtained using chloroplast and chloroplast + nuclear DNA data sets were 
more resolved and better supported than those obtained from the individual molecular 
data sets.  The tree topology obtained from the morphological data, which showed 
unresolved and unsupported relationships, was not similar to the topology obtained 
from the molecular data.  The tree topologies obtained using combined molecular and 
morphological data were similar to those obtained using molecular data alone, with no 
substantial change in node support or relationships.  The overall tree topologies 
obtained when molecular and morphological data were combined seemed to be 
influenced by the molecular data.  Thus, the phylogenetic relationships in Tripogon and 
affiliated genera were inferred using two trees obtained from chloroplast and 
chloroplast + nuclear DNA data sets.   
 
The genus Tripogon is not monophyletic.   Oropetium is nested within Tripogon and the 
placement of Eragrostiella is unresolved.  The Australian (chloroplast DNA) and the 
American (chloroplast and chloroplast + nuclear DNA) species of Tripogon form two 
separate clades.  Oropetium forms a separate clade.  The African and Asian species of 
Tripogon do not form clades.  The Australian, American and one African species (T. 
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minimus) of Tripogon form a clade (Clade 1).  The relationship of species of Tripogon in 
this clade is unresolved.  Oropetium and the Asian and African species (T. major) of 
Tripogon form another clade (Clade 2).  Tripogon major is sister to Oropetium + the 
Asian species.  The accession of Tripogon loliiformis from New Guinea is either nested 
within Clade 1 (chloroplast + nuclear DNA) or in Clade 2, specifically among the Asian 
species (chloroplast DNA).  The multiple accessions of the Australian species of 
Tripogon (T. loliiformis), which varied considerably in inflorescence structure, do not 
form multiple clades, with the exception of four accessions from the eastern side of 
Australia, which form one clade that is strongly supported and recovered in all data 
analyses. 
 
The non-monophyly of Tripogon indicates the need for taxonomic revision. The 
unresolved placement of the New Guinea accession of T. loliiformis and of Eragrostiella 
entails further studies involving more accessions.  The placement of the Australian, 
American and African (T. minimus) species in one clade supports previous suggestions 
about the affiliation of these species.  However, the unresolved relationship of these 
species indicates the need for further phylogenetic studies involving more taxa and/or 
other molecular markers that could possibly resolve the relationship.  Finally, the lack 
of multiple grouping in the Australian T. loliiformis indicates that the variation observed 
may be due to plasticity as a consequence of differences in ecological habitats.  
Population genetic studies involving the Australian species of Tripogon are 
recommended to further test this supposition.  However, the presence of one strongly 
supported group consisting of four accessions from the eastern side of Australia may 
indicate the presence of a putatively new species.  Population genetic studies involving 
more samples from around the localities of these four accessions should be undertaken. 
 
Anatomical and micromorphological descriptions of the leaf and lemma, reported for 
the first time in this study, make a significant contribution to the existing knowledge 
about the genus Tripogon in general and T.loliiformis in particular.  This new knowledge 
opens up pathways for future areas of study, for example, those involving the 
desiccation tolerance of some species, including, T. loliiformis.  The phylogenetic trees 
obtained could be used to study character evolution and biogeography of Tripogon and 
affiliated genera.   
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Definition of Terms 
The following terms are defined according to their use throughout the thesis. 
Abaxial:   Surface most distant or away from the axis; the lower or outer surface of the 
leaf. 
 
Accession:  A specimen with an assigned accession number placed into a permanent 
herbarium collection.   
 
Adaxial:   Surface toward or nearest the axis; the upper or inner surface of the leaf. 
 
Apomorphy:  A derived condition or character state, representing an evolutionary 
novelty. 
 
Basionym:  The original, but now rejected, name of a taxon, part of which has been used 
in a different combination. 
 
Bayesian inference: A method of phylogenetic inference based upon the posterior 
probability of a phylogenetic tree. 
 
Character:  A feature or attribute of a taxon.   
 
Character state:  One of two or more forms of a character. 
 
Clade: A group of organisms that includes a common ancestor and all the descendants 
of that ancestor. 
 
Culm: The flowering stem of a grass plant. 
 
Holotype:  Single biological specimen on which the description and name of a new 
species is based. 
 
Homology: Similarity that is the result of common ancestry. 
 
Homoplasy: Similarity that is not due to homology or common ancestry, but is the 
result of independent evolutionary change or convergent evolution. 
 
Lectotype: a single biological specimen or illustration selected at a later date to serve as 
the definitive type example when the original author did not designate a holotype. 
 
Lemma: The lower of the two bracts enclosing the grass flower and together with the 
palea comprising a floret. 
 
Maximum likelihood: A method of phylogenetic inference that considers the 
probability, based on some selected model of evolution, that each tree explains the data. 
 
Micromorphology: Features of the surface of an organ of a plant (e.g., leaf) that are too 
small to be observed without the aid of microscopes. 
xv 
 
Molecular data (sequence data): DNA sequence data. 
 
Monophyletic group:  A group that consists of the most recent common ancestor and 
all its descendants (=clade). 
 
Morphological data (non-sequence data): Any non-sequence data obtained from 
anatomy, morphology, cytology, histochemistry, etc. 
 
Mulga vegetation: Community of small Acacia trees forming dense scrub in dry inland 
areas of Australia. 
 
Phylogenetics: Methods used to reconstruct phylogeny or evolutionary relationships. 
 
Phylogeny:  The evolutionary history or pattern of descent of a group of organisms. 
 
Synapomorphy:  A shared derived character that unites two or more taxa or lineages. 
 
Syntype:  A set of specimens of equal status, on which the description and name of a 
new species is based. 
 
Systematics:  A science that includes and encompasses traditional taxonomy and that 
has at its primary goal the reconstruction of phylogeny. 
 
Taxon (plural taxa):  A group of organisms, ideally monophyletic and traditionally 
treated at a particular rank. 
 
Taxonomic revision: A change of the definition and delimitation of a taxon. 
 
Taxonomy: A field of science (and major component of systematics) that encompasses 
description, identification, nomenclature and classification. 
 
Voucher specimen:  Herbarium specimen in a plant collection serving as reference 
material for named taxon as part of a reseearch project. 
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Abbreviations 
BI: Bayesian inference 
BS: Bootstrap 
bp: base pair 
CTAB:  2X hexacetyl trimethylammonium bromide 
MAFFT: Multiple sequence alignment program 
ML: Maximum likelihood 
MP: Maximum parsimony 
PAUP: Phylogenetic Analysis Using Parsimony 
PP: Posterior probability 
SEM:  Scanning electron microscopy 
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CHAPTER 1: General Introduction 
 
This chapter contains four main sections, namely a) thesis background, b) literature 
review, c) research aims and d) thesis outline.  The thesis background provides a brief 
description of the genus Tripogon, introduces the taxonomic issues relevant to the 
genus and presents the investigations that were undertaken for this thesis.  The 
literature review focuses on the distribution, habitat, morphology and taxonomy of 
Tripogon, and phylogenetic studies (subfamily and family levels) that have included 
Tripogon.  Information on the resurrection capability of Tripogon, which is important 
when studying the morphology of species of Tripogon, is also presented.  The research 
aims identified for the research project are related to two major aspects: vegetative and 
reproductive morphology (specifically, leaf anatomy and micromorphology and 
inflorescence morphology) and phylogenetics of Tripogon and affiliated genera 
(Eragrostiella and Oropetium).  The thesis outline at the end of this chapter provides an 
explanation of how the different chapters of the thesis are organised and linked to each 
other.  
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1.1. Thesis Background 
Tripogon Roem. & Schult. is a genus of grasses in the subfamily Chloridoideae, family 
Poaceae.  It consists of 45 species that are distributed in dry, seasonally moist and 
always moist habitats found in Africa, Americas, Asia and Australia (Watson and 
Dallwitz 1992; Peterson et al. 2001; The Plant List 2014).  Fourteen of these species are 
desiccation tolerant, that is, they are capable of surviving extreme water loss, and have 
resurrection capability (Gaff 1977; Gaff and Latz 1978; Gaff 1986; Iturriaga et al. 2000).   
 
Taxonomic studies based primarily on gross vegetative (habit and leaf) and 
reproductive (inflorescence) morphology indicate that variation within species 
(infraspecific variation) is common in Tripogon (Phillips and Launert 1971).  The 
presence of infraspecific variation in inflorescence morphology in the Australian 
species, T. loliiformis, has led to the suggestion that it could be multiple species 
(Nicolson 1978 as cited in Gaff 1981, p. 126; Palmer and Weiller 2005). Infraspecific 
variation has also been observed in some African species of Tripogon (e.g., T. major and 
T. minimus) (Phillips and Launert 1971).  In the morphology-based taxonomic revision 
of the African species, it was suggested that the morphological forms due to infraspecific 
variation observed in the African species do not indicate multiple species (Phillips and 
Launert 1971).  The issue of multiple species in T. loliiformis has never been 
investigated.  
 
Apart from reports on infraspecific variation, species of Tripogon exhibit similarities in 
gross vegetative morphology, leaf anatomy and leaf and lemma surface morphology 
(henceforth referred to as micromorphology) (Rúgolo de Agrasar and Vega 2004).  
These similarities are well-documented in the African species.  For instance, T. 
leptophyllus is similar in habit and gross inflorescence features to one of the 
morphological forms of T. minimus (Phillips and Launert 1971).  Morphological 
similarities based on leaf anatomy and leaf and lemma micromorphology, in addition to 
gross morphology, have also been observed among T. spicatus (an American species), T. 
minimus (an African species) and T. loliiformis (Australian species).  Despite the lack of 
genus-level phylogenetic studies in Tripogon and based on gross morphological 
similarities alone, it has been suggested that “Tripogon spicatus appears related to T. 
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minimus” (Rúgolo de Agrasar and Vega 2004, p. 881) and that “the eastern group of T. 
loliiformis appears to have affinities with T. spicatus” (Palmer and Weiller 2005, p. 423).    
 
The leaf anatomy and leaf and lemma micromorphology of most species of Tripogon, 
have never been investigated.  In addition, our present knowledge of the leaf anatomy 
and micromorphology of some species of Tripogon does not take into consideration 
hydrated and dehydrated (desiccation tolerant) leaves, an important factor that should 
be taken into account when comparing species (Ellis 1976; 1979). 
 
While a genus-wide phylogenetic study of Tripogon is lacking, there are subfamily and 
family level phylogenetic studies that have included 1 – 2 species of Tripogon.  These 
studies indicate the possibility of Tripogon not being monophyletic.  Eragrostiella 
and/or Oropetium are nested within or sister to Tripogon. Due to limited and varied 
sampling in these studies, the phylogenetic relationships of species and monophyly of 
the genus Tripogon remain uncertain. 
 
This thesis presents the results of three major investigations undertaken to address the 
taxonomic issues that have not been studied previously concerning Tripogon, 
Eragrostiella and Oropetium (the latter two are henceforth called affiliated genera).  
Special reference to the Australian species, T. loliiformis, by including multiple 
accessions, has been made in the investigations conducted.  The first two investigations 
involved surveys of the morphology of Tripogon and affiliated genera.  The main aim of 
these two investigations was to describe and differentiate species based on leaf 
anatomy and micromorphology (henceforth called leaf structure) and spikelet and 
floret morphology and lemma micromorphology (henceforth called inflorescence 
structure) using light and scanning electron microscopy.  The main aim of the third 
investigation was to determine phylogenetic relationships within Tripogon and 
affiliated genera using molecular and morphological data.   
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1.2. Literature Review 
The literature review provides detailed information on the distribution and habitat, 
habit and morphology, taxonomy and phylogenetic placement, and desiccation 
tolerance and resurrection capability of Tripogon, with special reference to the 
Australian species.  
Distribution and habitat  
Our knowledge of the distribution and habitat of the genus Tripogon is based mainly on 
descriptions in taxonomic revisions (e.g., Phillips and Launert 1971; Phillips and Chen 
2002), regional floras (e.g. Palmer and Weiller 2005; Potdar et al. 2012) and online 
databases (e.g., Watson and Dallwitz 1992 onwards; Clayton et al. 2006 onwards; Simon 
and Alfonso 2011; Simon et al. 2012; The Plant List 2014).  Tripogon is composed of 45 
species that are distributed in Africa, including the Arabian Peninsula (11 species), Asia, 
including the island of New Guinea (32 species), the Americas (3 species) and Australia 
(1 species).  One species (T. purpurascens) is common to Africa and Asia.  The sole 
species found in Australia (T. loliiformis) is also found in the island of New Guinea 
(Table 1.1, Figs. 1.1 and 1.2A – C).  
 
Species of Tripogon thrive in a variety of habitats of dry, seasonally moist, or always 
moist mountains and lowlands.  These plants occur on or around rocky outcrops, 
grassland, roadside, wasteland, and swamps.  In the appropriate habitats, Tripogon is 
usually found in shallow brown to red soils that are sandy or clayey (Table 1.1).    
 
Tripogon loliiformis (F. Muell.) C.E. Hubb. is a widespread grass occurring in all 
mainland states and territories of Australia and the island of New Guinea (Australia’s 
Virtual Herbarium 2014 onwards).  It is found in a variety of habitats.  It commonly 
occurs on rocky outcrops (inselbergs) and open vegetation type where it is usually 
restricted to shallow soil platforms overlying rocks (Hunter and Clarke 1998; Just and 
Evans 2010) (Figs. 1.3A – B).   In areas with granitic outcrops, masses of T. loliiformis 
plants often form a distinctive band following the contour of the rock (Fig. 1.3B).  
Tripogon loliiformis is also found in mulga vegetation, which is considered to be a 
drought refuge area for native and non-native herbivores, including cattle (Low et al. 
1973; Roberts 1978) (Fig. 1.3C).  It is found in depressions and creek lines on gibber 
plains with chenopods, on basalt plains or on flood plains in open eucalypt woodland 
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with a grassy understorey (Rogers and Stride 1997; Hunter and Clarke 1998; McGann et 
al. 2001; Palmer and Weiller 2005).  Tripogon loliiformis co-occurs with other grasses, 
such as Entolasia stricta and Aristida jerichoensis and short-lived annual herbs (Hunter 
and Clarke 1998; Just and Evans 2010.  Tripogon loliiformis grows with other 
desiccation tolerant plants like mosses (e.g., Tortula sp.), ferns (e.g., Cheilanthes sp.), 
other angiosperms (e.g., Borya sp.) and other grasses (e.g., Eragrostiella sp.)  It also 
grows with Fimbristylis sp., Calandrinia sp. and Chrysopogon sp. in habitats where the 
soil layer is slightly thicker.  Tripogon loliiformis is sensitive to disturbance, such as 
trampling by cattle and goats, scraping and digging by rabbits, vehicular activity 
(driving over flat rocky outcrops), excavation (granite) and dumping of rubbish (pers. 
obs.).   
 
Habit and morphology  
Description of the habit and gross morphology of the leaf and inflorescence of Tripogon 
has been addressed extensively in the literature (e.g., Watson and Dallwitz 1992 
onwards; Phillips and Chen 2002; Palmer and Weiller 2005; Clayton et al. 2006 
onwards; Simon et al. 2011).  Tripogon plants occur in clumps or tufts with erect 
ascending culms that vary in length (4-65 cm) among and within species (Figs. 1.4A-H).  
Leaves are green, flat and linear in shape when hydrated, or pigmented (brownish or 
purplish), folded and filiform (bristle-like) in shape when dehydrated (e.g., Fig. 1.3D).  
Ligules consist of a narrow fringe of hairs or ciliate membrane.  Inflorescences are 
composed of erect, straight, unilateral racemes that vary in length (2.5-25 cm).  The 
spikelets in each raceme are linear, lanceolate, elliptic or oblong and are composed of 
three to many bisexual florets, with diminished florets at the apex.  There are two 
narrow glumes below each spikelet.  These are unequal to more-or-less-equal in length 
and are always shorter than the spikelet.  The lower glume is one-veined while the 
upper glume could be one-, three- or five-veined.  Each floret has a membranous lemma 
that is three-veined, glabrous, slightly keeled and 3-veined.  The midvein on the lemma 
extends into an awn and the teeth of the lemma apex are usually mucronate or awned.  
There may be one or three awns originating from a median sinus or on the abaxial 
surface.  Each floret has a shorter palea that is usually embraced by the lemma and is 
awnless.   It has a keel that is scabrous or ciliolate and often winged.  There are two free, 
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fleshy and glabrous lodicules present in each floret.  There are two or three stamens per 
floret.  The ovary is glabrous and consists of two fused carpels with free styles and 
feathery stigmas.  The caryopsis is narrow, trigonous to subterete and free from the 
lemma and palea. 
 
Extensive variation in both gross vegetative and reproductive features (e.g., plant 
height, leaf width and length, length of inflorescence, spikelet, lemma, and lemmatal 
awn) is observed within and among species (Phillips and Launert 1971). Infraspecific 
variation is well documented in two African species, T. minimus and T. major (Phillips 
and Launert 1971).  For instance, T. minimus has several forms based on the length of 
spikelets and lemmatal awns.  The short-spikelet form is similar in gross vegetative and 
reproductive morphology to an American species (T. spicatus) and the Australian 
species (T. loliiformis) (Rúgolo de Agrasar and Vega 2004).  The long-spikelet form of T. 
minimus is similar to, and almost indistinguishable from, another African species (T. 
leptophyllus).  Intermediate forms of T. minimus have also been observed (Phillips and 
Launert 1971). Different forms of T. major based on the length of lemma and lemmatal 
awns were found to be restricted to different mountain localities in Tropical Africa 
(Phillips and Launert 1971).   
 
Infraspecific variation has also been reported for T. loliiformis (e.g., Gaff and Latz 1978; 
Palmer and Weiller 2005).  Generally, T. loliiformis has short dense inflorescences (2 – 
10 cm) with spikelets that are overlapping.  Voucher specimens obtained from the 
eastern part of the Great Dividing Range (on the tablelands in Queensland through to 
Victoria) have longer (~17 cm), less dense inflorescences with spikelets that are slightly 
overlapping to not overlapping (Palmer and Weiller 2005).  This eastern group exhibits 
similarities with the American species (T. spicatus) (Palmer and Weiller 2005).  The 
Flora of Australia has indicated that “further taxonomic work is required to ascertain if 
T. spicatus can be applied to the eastern Australian material.  For the present all 
material has been treated as Tripogon loliiformis” (Palmer and Weiller 2005, p. 423). 
 
Details about leaf anatomy (in transverse section) in Tripogon are limited to one African 
species (T. minimus) (Metcalfe 1960) and all three American species (T. ekmanii, T. 
nicorae and T. spicatus) (Rúgolo de Agrasar and Vega 2004).  Description of leaf 
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micromorphology is limited to that of the three American species and the Australian 
species (T. loliiformis) (Watson and Dallwitz 1992 onwards; Rúgolo de Agrasar and 
Vega 2004).  Information on inflorescence (specifically, lemma) micromorphology is 
limited to the description provided for all three American species and one Asian species 
(T. chinensis) (Rúgolo de Agrasar and Vega 2004; Liu et al. 2010).  Transverse sections 
of leaf blades of Tripogon are expanded and shallowly furrowed (slightly ribbed) on 
both surfaces.  The adaxial epidermis has fan-shaped bulliform cells that are associated 
with colourless mesophyll cells.  The mesophyll is composed of two sheaths 
surrounding the vascular bundles.  The inner or mestome sheath, which directly 
surrounds the vascular bundle, is composed of cells that are smaller and have 
conspicuously thickened walls.  The outer or PCR (photosynthetic carbon reduction) 
sheath, which is laterally adjacent to the inner sheath, has large cells with chloroplasts 
that are centripetally positioned.  This combination of mesophyll features is predictive 
of the NAD-ME pathway of C4 photosynthesis (Prendergast, Hattersley et al. 1987).  
Mature basal leaves typically have 7 – 31 vascular bundles (veins). There is a midvein 
that may or may not be conspicuous and has one vascular bundle.  All vascular bundles 
are associated with sclerenchyma girders. 
Costal (above the vein) and intercostal (between the veins) zonation on the leaf abaxial 
surface is conspicuous.  Long cells with sinuous walls are similar in shape in both costal 
and intercostal zones.  Short cells (cork and silica cells) are usually common in the 
costal zone and absent or rare in the intercostal zone.  Costal short cells form long rows 
with saddle-shaped or rectangular (tall and narrow) silica bodies present in alternate 
cells.   If present in the intercostal zone, short cells are in cork/silica cell pairs and the 
silica bodies are usually imperfectly developed.  Stomata are common in the intercostal 
zone and have subsidiary cells which are either dome or triangular in shape.  Micro-
hairs are also observed in the intercostal zone and are usually spherical to elongate in 
shape.  In addition to what are found on the abaxial surface, there are macro-hairs, 
prickles and papillae on the adaxial surface. 
 
Taxonomy and phylogenetic placement 
The genus Tripogon was first validly published by Roemer and Schultes (1817) who 
described the genus using Tripogon bromoides collected in India. The holotype is housed 
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at the Botanischer Garten und Botanisches Museum Berlin-Dahlem (B) in Germany 
(Ropert 2000+ continuously updated). The name Tripogon is derived from the Greek 
words treis (three) and pogon (beard), referring to the hair at the base of the three 
lemma veins (Watson and Dallwitz 1992 onwards; Clifford and Bostock 2007).   
 
Tripogon loliiformis was first described by Mueller (1873) as Festuca loliiformis. The 
word loliiformis is derived from the Latin words lolium and forme, meaning “resembling 
Lolium” (Clifford and Bostock 2007), owing to the resemblance of the inflorescences to 
those of the grass genus Lolium.  Bentham (1878) transferred Festuca loliiformis to the 
genus Diplachne on the basis of inflorescence features, including the many-flowered, 
sessile or slightly pedicellate spikelets, two-lobed lemma apex and presence of two 
prominent veins on the palea.  Hubbard (1934) transferred it to its current genus, 
Tripogon.  Unlike species of Diplachne, which have hairy lemma margins, lemma 
margins of species of Tripogon are hairless (Watson and Dallwitz 1992 onwards).  
Tripogon loliiformis is commonly called “five-minute grass” or “eight-day grass” due to 
its resurrection capability, or “rye beetlegrass” due to the resemblance of the 
inflorescences to those of rye or Lolium (Palmer and Weiller 2005).   
 
Mueller (1873) did not assign a holotype when he first described Festuca loliiformis.  
Instead, he designated 13 specimens from eight localities as syntypes.  These syntypes 
are housed at the National Herbarium of Victoria (MEL) and the eight localities are 
“Moreton’s Bay”, “Charley’s Creek”, “Gracemere”, “Herbert’s Creek”, “Rockhampton”, 
“Suttor’s River” and “Walloon” in Queensland and “Australia Occidentali Extratropica” in 
Western Australia (Mueller 1873).  When Palmer and Weiller (2005) described T. 
loliiformis in the Flora of Australia, they did not choose a lectotype at the time as “the 
taxonomy was not resolved” (Palmer pers. comm.).  To date a lectotype for T. loliiformis 
has not been assigned. 
 
The vast majority of publications on Tripogon involve descriptions of new species and 
taxonomic revisions based on morphology.   Some significant taxonomic contributions 
include revision of the species of Tripogon in Africa (Phillips and Launert 1971) and 
China (Phillips and Chen 2002) and description of new species in America, India and 
Thailand (Sreekumar et al. 1983a; Sreekumar et al. 1983b; Pradeep and Sunil 1999; 
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Sunil and Pradeep 2001; Rúgolo de Agrasar and Vega, 2004; Newmaster et al. 2008; 
Teerawatananon and Sungkaew 2012; Chorghe et al.  2013). 
 
The only taxonomic study on T. loliiformis is an unpublished and not publicly accessible 
undergraduate project hypothesising that “four distinct species of Tripogon exist in 
Australia with a further separable at a lower taxonomic level…but possibly…a fifth 
species” (Nicolson 1978 as cited in Gaff 1981, p. 126).   This study has subsequently 
been miscited as an honours research project (Nicolson pers. comm.).   
 
Most of the taxonomic issues in Tripogon concern the affinity and naming of species as a 
result of morphological features. Some species possess features that were later 
considered as part of a range of morphological features of one highly variable species.  
Other species were placed under one species due to common morphological features 
but were separated out due to other criteria.  For instance, there were three African 
species (T. calcicola, T. mandarensis, T. humbertianus) that were considered endemic in 
Madagascar. The morphological differences (i.e., length of inflorescences and plant 
height) observed in these species were found to be within the range of variation 
observed in the highly variable species, T. minimus.  These three species are now placed 
under T. minimus.  Besides being the shortest among the African species, the 
widespread and most common African species of Tripogon, T. minimus,  is distinguished 
from the others by the presence of three short anthers (0.2 – 0.5 mm), mucronate 
lemmatal apex, one lemmatal awn, and non-excurrent lateral veins in the lemma 
(Phillips and Launert 1971).  Four former African species from different mountain 
localities (T. unisetus from Tanzania, T. snowdeniia and T. liebenbergifi from Uganda, and 
T. jaegerianus from Sierra Leone) were previously treated as distinct species due to 
differences in shapes of lemma and palea apices.  They were later placed under T. major.  
The morphological features that differentiate these former species are all within the 
range of morphological variation observed in T. major.  Tripogon major is distinguished 
from other African species by the presence of two short anthers (1.4 – 2.4 mm) and 
spreading callus hairs (Phillips and Launert 1971).  By using number of anthers as the 
basis for classifying and naming species of Tripogon, the Asian species, T. yunnanensis, 
fell into a group of Tripogon with only one anther.  This group includes the widespread 
Asian species, T. filiformis.  Due to to the presence of less overlapping and longer 
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spikelets, and relatively shorter awns, T. yunnanensis was validated as a distinct species 
from T. filiformis (Phillips and Chen 2002).  The American species (T. ekmanii, T. nicorae 
and T. spicatus) have three anthers.  These species vary in anther size and some 
characters of the leaf anatomy and leaf and lemma micromorphology (Rúgolo de 
Agrasar and Vega, 2004). 
 
To date, no one has undertaken a genus-wide phylogenetic study of Tripogon.  However, 
there are three phylogenetic studies at higher levels (family Poaceae and subfamily 
Chloridoideae) that have included a limited number of species of Tripogon as 
representatives of the genus.  A subfamily level phylogenetic study based on chloroplast 
(ndhF, rps3, rps16) and nuclear (ITS) DNA regions and including two species of 
Tripogon (T. spicatus and T. yunnanensis) indicated that the genus is not monophyletic. 
Eragrostiella (represented by two resurrection species, E. leioptera and E. bifaria) is 
embedded within Tripogon (Peterson et al. 2010) (Fig. 1.5A).  Another subfamily level 
phylogenetic study using ITS showed that Tripogon (represented by T. spicatus) forms a 
clade with Melanocenchris (represented by M. abyssinica) (Columbus et al. 2007) (Fig. 
1.5B).  A family level phylogenetic study using chloroplast (ndhF, trnL-F) and nuclear 
(ITS) DNA, and including one species of Tripogon (T. minimus), indicated that Tripogon 
and Oropetium (O. capense) form a monophyletic group that is sister to Melanocenchris 
(M. abyssinica) (Grass Phylogeny Working Group II 2011) (Fig. 1.5C).   
 
The limited but different taxon sampling in the phylogenetic studies mentioned above 
indicates the possibility of Eragostiellla and/or Oropetium being sister to or nested 
within Tripogon.  It has been suggested that Oropetium shares a common ancestor with 
Tripogon (Phillips 1975).  Oropetium roxburghianum was formerly placed in Tripogon, 
whilst T. africanus was originally described as O. africanum (The Plant List 2014).  
Tripogon and Oropetium share common features of the inflorescences (e.g., glabrous 
lemma with awned tip, hairy callus, rachilla extension), however there are only 1 – 2  
florets per spikelet in Oropetium as opposed to the two to many florets per spikelet in 
Tripogon. The lower glume is vestigial or missing and the upper glume is longer than the 
spikelet in Oropetium  as opposed to the presence of two well-developed glumes that 
are always shorter than the spikelet in Tripogon (Phillips 1975).    Except for the 
phylogenetic study of Peterson et al. (2010), there are no previous taxonomic studies 
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indicating a close relationship between Eragrostiella and Tripogon.  Some of the 
morphological similarities of these two genera include racemose inflorescences, winged 
paleas, and keeled and glabrous lemmas that are 1 – 3-veined (Clayton et al. 2006 
onwards; Peterson et al. 2010).  Just like some of the species of Tripogon, a number of 
species of Eragrostiella and Oropetium are also desiccation tolerant grasses (Gaff and 
Ellis 1974; Gaff 1977). 
 
Desiccation tolerance and resurrection capability 
The ability of vegetative organs (e.g., mature leaves) to survive air dryness is rare 
among angiosperms (Gaff 1971; Farrant 2000; Vicre et al. 2004).  Plants that can survive 
extreme drying (~80-95% cell water loss) are said to be desiccation tolerant (Tuba et 
al. 1998). This condition is different from drought tolerance, which is associated with 
moderate dehydration (~23% water loss) (Tuba et al. 1998; Hoekstra et al. 2001).  
Given that desiccation tolerant plants appear to “resurrect from the dead” once 
rehydrated, they are commonly called “resurrection plants” (Gaff and Latz 1978).   
 
Based on water potential, expressed as % relative humidity at 28°C, 14 species in the 
genus Tripogon are considered desiccation tolerant (Gaff 1977; Gaff and Latz 1978; Gaff 
1986; Iturriaga et al. 2000) (Table 1.1).  Whether the ability to tolerate extreme 
desiccation occurs in other species of Tripogon is not known.  All species tested so far 
have been shown to be desiccation tolerant and there are no reports of desiccation 
sensitive species in this genus (Gaff  pers. comm.).   
 
When T. loliiformis is subjected to prolonged water stress, the plants respond by 
characteristic folding of the flat, linear green leaves to filiform (bristle-like) purplish or 
dark brown pigmented leaves.  Chlorophyll pigments in the leaves are retained during 
desiccation (Gaff and Latz 1978) implying that T. loliiformis is homoiochlorophyllous 
(Tuba et al. 1998).  The chlorophyll-containing mesophyll cells have been found to 
contain shrunken vacuoles and scattered plastoglobuli (globules with a high lipid 
component) (Olsen 1983). The accumulation of plastoglobuli is indicative of the 
disorganisation of the chloroplast (Wise and Hoober 2007).  The effects of desiccation 
tolerance on cell structure of T. loliiformis have been investigated at an ultrastructural 
level only (Olsen 1983).  No studies on the changes to the anatomy and morphology of 
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the leaves during dehydration and rehydration have been published to date on any 
species of Tripogon. 
 
Tripogon loliiformis is now being used as a new model system for investigating 
desiccation tolerance at the ecological, morphological, physiological and molecular level 
(Gaff and Latz 1978; Gaff pers. comm.; Mundree pers. comm.).  Tripogon loliiformis has 
been selected as a model system because it is a native grass widely distributed across 
Australia that can tolerate desiccation due to unpredictable and/or low rainfall.  It is 
easy to grow and maintain in glass houses and growth chambers because it is a small 
plant, undergoes rapid seed production and has high germination success.  It is 
considered a suitable choice for understanding water-use efficiency and desiccation 
tolerance mechanisms in monocots and subsequently improving these traits in 
economically important grasses such as rice, sorghum and wheat (Mundree pers. 
comm.).  As a resurrection plant, its potential for desiccation-resistant gene discovery is 
high.  For those engaged in eco-physiological studies on this plant, resolving the identity 
and taxonomy of this species will enable them to determine whether they are dealing 
with one or more plant species. 
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1.3. Research Aims 
The limited information available on the leaf anatomy and leaf and lemma 
micromorphology of Tripogon calls for a need to study this morphological aspect of the 
genus using more species.  The close but uncertain relationship of Tripogon to 
Eragrostiella  and Oropetium and the taxonomic issues in Tripogon due to morphological 
variation within species and similarities between species clearly indicate the need for a 
genus-level phylogenetic study of Tripogon.  
 
Investigations presented in the thesis were undertaken to address the above-mentioned 
taxonomic issues in Tripogon.  In light of the previous studies linking Tripogon to 
Eragrostiella and Oropetium, representatives of these two genera were included in all 
investigations undertaken.  The overall aim of the investigations for the research project 
was to determine the leaf and inflorescence structure and to develop a robust and well-
supported phylogeny of Tripogon and affiliated genera.  Special reference to the 
Australian species, T. loliiformis, has been made by including multiple accessions. 
 
The specific aims of the research project were to: 
1. describe and compare the leaf structure (anatomy and micromorphology) of 
some species of Tripogon and affiliated genera using light and scanning electron 
microscopy; 
2. describe and compare the inflorescence morphology of some species of Tripogon 
and affiliated genera using light and scanning electron microscopy; 
3. reconstruct the phylogenetic relationships in Tripogon and affiliated genera 
using molecular and morphological data. 
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1.4. Thesis Outline 
This thesis contains investigations undertaken to fill the gap in our knowledge of the 
leaf and inflorescence structure and phylogenetic relationships of Tripogon and 
affiliated genera.  All the morphological and molecular data were obtained through 
literature review, field, herbarium and laboratory work and analyses using appropriate 
phylogenetics programs.  The number of specimens (henceforth called accessions) 
examined and reported in following chapters varies due to limitations on availability of 
suitable materials and restrictions on destructive sampling of herbarium materials. 
Wherever possible, representative species from each major geographic region (i.e., 
Africa, America, Asia and Australia) were included.  Methodological details relevant to 
the investigations undertaken appear in each chapter. Tables and figures relevant to 
each chapter come after the Conclusion section of that chapter.  Additional tables and 
figures, especially those common to all chapters, were placed in the Appendices.  
References cited in each chapter were combined into a single section, the References 
Cited.  Details of relevant research endeavours conducted (i.e., abstracts of conferences 
attended) that were not necessarily mentioned in the different chapters were placed in 
a section called Supplementary Attachment. 
 
There are six chapters in the thesis.  Chapter 1 (this chapter) contains the background 
to the thesis, literature review, research aims, and thesis outline. 
 
Chapters 2 and 3 contain genus-wide surveys of the leaf structure and inflorescence 
morphology of species of Tripogon and affiliated genera.  These chapters address the 
first two aims of the research project.  Findings from these chapters, in addition to 
available information on the morphology of Tripogon and affiliated genera in literature, 
formed part of the phylogenetic analyses described in Chapter 4.  
 
Chapter 2 focuses on leaf structure and addresses the first aim of the research project.  
Since some previous studies did not use or indicate the use of dehydrated (pigmented 
and desiccation tolerant) leaves, this study sought to clarify the morphology of the 
leaves depending on the condition of the leaf samples (i.e., hydrated green vs. 
dehydrated pigmented), when samples were available. 
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Chapter 3 focuses on inflorescence structure and addresses the second aim of the 
research project.  Extensive examination of T. loliiformis (by including syntypes, in 
addition to multiple accessions) was made due to previous reports of differences in 
inflorescence morphology. 
 
Chapter 4 focuses on the phylogenetics of Tripogon and affiliated genera using 
molecular and morphological data. This chapter addresses the third aim of the research 
project.  It comprehensively addresses the issue of the monophyly of Tripogon, the 
phylogenetic placement of the different species of Tripogon and affiliated genera and 
the multiple-species hypothesis concerning the Australian Tripogon, T. loliiformis.   
 
Chapter 5 provides a general discussion which integrates the results obtained in 
Chapters 2 – 4.  It also includes other observations that are not mentioned in Chapters 2 
– 4 but are relevant to the major findings obtained (e.g., gross vegetative morphology of 
herbarium specimens, description of habitats of the Australian species based on field 
work). 
 
Chapter 6 provides general conclusions based on the identified research aims in this 
chapter (Chapter 1).  Attention is focussed on the contribution of all investigations 
undertaken to the existing body of knowledge.  Implications and recommendations for 
directions of future studies are also provided. 
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Table 1.1.  Nomenclature, location of type specimens, synonyms, global distribution (by broad geographic region or continent and   
         specific countries or localities), habitat and resurrection capability of species of Tripogon. 
 
Species, authority and type 
location 
Synonyms Species 
publication 
Distribution  Habitat  Resurrection 
capability 
Tripogon africanus (Coss. & 
Durieu) H.Scholz & P.König 
Type: Unknown 
Arcangelina africana (Coss. & 
Durieu) Kuntze;  Kralikella africana 
(Coss. & Durieu) Coss. & Durieu; 
Kralikia africana Coss. & Durieu; 
Oropetium africanum (Coss. & 
Durieu) Chiov. 
 
 
Scholz and König 
1985 
Africa (Saudi 
Arabia) 
Unknown Unknown 
Tripogon anantaswamianus 
Sreek., V.J.Nair & N.C.Nair 
Type: Kerala Idduki district 
Eravikulam, India 
Holotype: K 
Isotype: K 
 
None Sreekumar et al. 
1983a 
 
 
Asia (India) Swamp Unknown 
Tripogon borii Kabeer, V.J.Nair & 
G.V.S.Murthy 
Type: Unknown 
 
None Kabeer, Nair, and 
Murthy (2009) et al. 
2009 
Asia (India) Unknown Unknown 
Tripogon bromoides Roth 
Type: Coromandel, India 
Holotype: B 
Avena mysorensis Spreng.; Avena 
mysoresnis Spreng.; Plagiolytrum 
calycinum Nees; Triathera bromoides 
Roth; Tripogon bromoides var. major 
Hook.f.; Tripogon festucoides Jaub. 
& Spach; Tripogon lanatus Hochst. 
ex Steud.; Tripogon zeylanicus 
Thwaites 
 
 
 
 
 
 
 
 
Roth 1817 Asia (China, India, 
Myanmar, Sri 
Lanka) 
Dry limestone rocks Unknown 
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Species, authority and type 
location 
Synonyms Species 
publication 
Distribution  Habitat  Resurrection 
capability 
 
Tripogon capillatus Jaub. and 
Spach. 
Type: K 
 
None Jaubert and Spach 
1850 
Asia (India) Unknown Resurrection 
grass (Gaff and 
Bole 1986) 
Tripogon chinensis (Franch.) 
Hack. 
Type: N China 
Isotype: P 
Nardurus filiformis var. chinensis 
Franch.; Tripogon chinensis subsp. 
coreensis (Hack.) T.Koyama; 
Tripogon chinensis var. coreensis 
Hack.; Tripogon coreensis (Hack.) 
Ohwi 
 
Hackel 1903 Asia (China,  
Korea, Russia, 
Mongolia, 
Philippines) 
Dry stony slopes above 
river; marshland 
Unknown 
Tripogon copei Newmaster, V. 
Balas., Murug. & Ragup. ex 
Newmaster, V. Balas., Murug. & 
Ragup. 
Type: India (Tamil Nadu, 
Velliangiri Hills) 
Holotype: OAC Isotype:  KASCH 
Paratype: KASCH 
 
Tripogon cope Newmaster S.G., V. 
Balalasubramaniam, M. 
Murugesan, and S. Ragupathy, sp. 
nov. 
 
Newmaster et al. 
2008 
Asia (India) Moist shoal border and on 
rocks 
Unknown 
Tripogon curvatus S.M.Phillips & 
Launert 
Type: Nairobi, Kenya 
Holotype: K 
 
None Phillips and Launert 
1971 
Africa (Kenya, 
Ethiopia) 
Seasonally wet rocky 
outcrops 
Resurrection 
grass (Gaff 
1986) 
Tripogon debilis L.B.Cai 
Type: China, Sichuan 
Holotype: HNWP 
Isotype: CDBI 
 
None Lian-bing 2005 Asia (Western 
China) 
Roadside; wasteland; stony 
slope 
Unknown 
Tripogon ekmanii Nicora & 
Rúgolo 
Type: Paraguay 
Holotype: SI 
Isotypes: BAA, G, LIL 
 
None Nicora and Rúgolo 
de Agrasar 
South America 
(northeastern part 
of Argentina,  
Paraguay, Uruguay) 
Moist prairies and flooded 
areas 
Unknown 
Table 1.1. Continued. 
19 
 
Species, authority and type 
location 
Synonyms Species 
publication 
Distribution  Habitat  Resurrection 
capability 
Tripogon filiformis Nees ex Steud 
Type: NW India 
Isotype: K 
Nardurus filiformis Franch. 
Tripogon exiguus Buse 
Tripogon filiformis var. filiformis  
Tripogon filiformis var. tenuispicus 
Hook.f. 
Tripogon javanicus Ohwi 
Tripogon semitruncatus Nees ex 
Steud. 
Tripogon unidentatus Nees ex Steud. 
Nees and Daniel 
1854 
Asia (Bhutan, 
China, India,  
Indonesia, 
Mynmar, Nepal, 
Pakistan) 
Dry grassy slopes, often 
among rocks 
Resurrection 
grass (Gaff and 
Bole 1986) 
Tripogon humilis H.L. Yang 
Type: China 
Holotype:HNWP 
 
None Yang 1983 Asia (China) Mountain slopes Unknown 
Tripogon jacquemontii Stapf 
Type: K 
None Stapf 1892 Asia (India) Unknown Resurrection 
grass (Gaff and 
Bole 1986) 
 
Tripogon larsenii Bor 
Type: N Thailand, Phitsanulok, 
Puh Mieng Mt. 
Holotype: AAU 
Isotype: K 
 
None Bor 1968 Asia (India, 
Thailand) 
Open sandstone plateau  
among mosses 
Unknown 
Tripogon leptophyllus (A.Rich.) 
Cufod. 
Type: Ethiopia 
Holotype: P  
Isotypes: BM, 
FI, K, M, MO 
 
Danthonia leptophylla A.Rich. Cufodontis 1968 Africa (Eritrea, 
Ethiopia, Sudan) 
Upland grassland in moist 
situations, often in rock 
crevices near 
rivers 
Resurrection 
grass (Gaff 
1986) 
Tripogon liouae S.M. Phillips and 
S.L. Chen 
Type: China 
Holotype: K 
 
None Phillips and Chen 
2002 
Asia (China) Dry open spaces, sometimes 
forming a turf 
Unknown 
Table 1.1. Continued. 
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Species, authority and type 
location 
Synonyms Species 
publication 
Distribution  Habitat  Resurrection 
capability 
 
Tripogon lisboae Stapf 
Type: K, MO 
 
 
None 
 
Stapf 18 
 
Asia (India) 
 
Unknown 
 
Resurrection 
grass (Gaff and 
Bole 1986) 
 
Tripogon loliiformis (F.Muell.) 
C.E.Hubb. 
Types: Queensland, Western 
Australia 
Syntypes: MEL 
Diplachne loliiformis (F.Muell.) 
F.Muell. ex Benth.; 
Diplachne loliiformis var. 
longiaristata Domin; 
Festuca loliiformis F.Muell. 
 
Hubbard 1934 Australia (all states, 
except Tasmania) 
and New Guinea 
(Sogeri) 
Granitic outcrop, on 
mountain slopes, Mulga 
vegetation 
Resurrection 
grass (Gaff and 
Latz 1978) 
Tripogon longiaristatus Hack. Ex 
Honda 
Type: Korea 
Syntype: TI 
 
None Honda 1927 Asia (China, Japan, 
Korea) 
Rocky slopes Unknown 
Tripogon major Hook.f. 
Type: Cameroon Mt. 
Holotype: K 
Tripogon jaegerianus A.Camus; 
Tripogon liebenbergii C.E.Hubb.; 
Tripogon major subsp. deflexa 
Gledhill; 
Tripogon major subsp. deflexus 
Gledhill; 
Tripogon major subsp. jaegeriana 
Gledhill; 
Tripogon major subsp. jaegerianus 
(A.Camus) Gledhill; 
Tripogon snowdenii C.E.Hubb.; 
Tripogon unisetus Pilg. 
 
 
 
 
 
 
 
 
 
Hooker 1864 Africa (Cameroon 
Republic, Ethiopia, 
Malawi, Sierra 
Leone, southern 
part of Sudan, 
Tanzania , Uganda) 
Rock crevices;hollows on 
flat rocks, and in thin soil 
overlying lava in moist 
situations on mountains, 
especially near the summits 
Resurrection 
grass (Gaff 
1986) 
Table 1.1. Continued. 
21 
 
Species, authority and type 
location 
Synonyms Species 
publication 
Distribution  Habitat  Resurrection 
capability 
 
Tripogon minimus (A.Rich.) 
Hochst. ex Steud. 
Type: Ethiopia 
Holotype: P  
Isotypes: BM, Fl, K 
Tripogon abyssinicus Nees ex A. 
Rich.; 
Tripogon calcicola A.Camus; 
Festuca minima A.Rich.; 
Tripogon humbertianus A.Camus; 
Tripogon mandrarensis A.Camus 
Hochstetter 1854 Africa (Tropical 
Africa,  excluding 
the Congo Basin, 
Burkina Faso, 
Cameroon 
Republic, Cape 
Verde Island, 
Central African 
Republic, Eritrea, 
Ethiopia, Ghana, 
Gambia, Kenya, 
Madagascar, 
Malawi, 
Mauritania, 
Mozambique, 
Niger, Nigeria, 
Senegal, Sudan, 
Tanzania, Zambia 
 
Deciduous bushland and 
wooded or open grassland, 
often on 
hillsides in seasonally wet 
rocky outcrops 
Resurrection 
grass (Gaff 
1986) 
Tripogon modestus S.M.Phillips & 
Launert 
Type: Malawi 
Holotype: K 
Isotypes: BM, LISC, P, SRGH 
 
None Phillips and Launert 
1971 
Africa (Angola, 
Malawi) 
Soil-pockets in rocky 
outcrops and around 
boulders in 
seasonally wet grassland 
Resurrection 
grass (Gaff 
1986) 
Tripogon montanus Chiov. 
Type: Eritrea 
Lectotype; FI Isolectotype: K 
 
None Chiovenda 1908 Africa (Ethiopia, 
Sudan, Uganda, 
Yemen 
Upland grassland, in rock-
crevices and among boulders 
Resurrection 
grass (Gaff 
1986) 
Tripogon multiflorus Miré & 
H.Gillet 
Type: Niger, Air, Taraouadji 
Mountains 
Holotype: PAT 
Tripogon tibesticus Miré, H.Gillet & 
Quézel 
Miré and Gillett 
1908 
Africa (Eritrea, 
Kenya, The 
Saharan mountains 
of Air, Tibesti and 
Ennedi, Saudi 
Arabia) 
 
Upland grassland, in 
seasonally wet places among 
rocks 
Resurrection 
grass (Gaff 
1986) 
Table 1.1. Continued. 
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Species, authority and type 
location 
Synonyms Species 
publication 
Distribution  Habitat  Resurrection 
capability 
 
Tripogon nanus Keng f. 
Holotype: NJU 
 
None Keng 1960 Asia (China) Unknown Unknown 
Tripogon narayanae Sreek., 
V.J.Nair & N.C.Nair 
Holotype: K 
 
None Sreekumar, Nair, 
and Nair 1983b 
Asia (India) Swamp  Unknown 
Tripogon nicorae Rúgolo & 
A.S.Vega 
Type: Bolivia 
Holotype: BAA 
None Rúgolo de Agrasar 
and Vega 2004 
South America 
(Argentina 
Bolivia, northern 
part of Chile, 
Ecuador, Peru) 
On rocky slopes and in 
prairies 
Unknown 
Tripogon oliganthus Cope 
Type: Yemen 
Holotype: K 
None Cope 1992 Africa (Arabian 
Peninsula) 
Unknown Unknown 
Tripogon polyanthus Naik & 
Patunkar 
Type: Unknown 
 
None Naik and Patunkar 
1976 
Asia (India) Unknown Unknown 
Tripogon pungens C.E.C. Fisch. 
Holotype: K 
 
None Fischer 1934 Asia (India) Unknown Unknown 
Tripogon purpurascens Duthie 
Type: Western Himalaya, Tons 
Valley, Tehri-Garhwal 
Holotype: K 
Lectotype: K 
 
Tripogon jacquemontii var. 
submuticus Hook.f.; 
Tripogon hookerianus Bor; 
Tripogon hookerianus Bor ex Sultan 
& R.R. Stewart 
Duthie 1901 Asia (Afghanistan, 
Bhutan, China, 
northeastern part of 
Nepal, northwestern 
part of India,  
Oman,  Pakistan, 
Thailand, and 
Africa (Saudi 
Arabia, Yemen) 
 
Open areas on sandstone 
rock formations, open stony 
mountainsides 
Unknown 
Tripogon ravianus Sunil & 
Pradeep 
Holotype: BRIT Isotype: CALI, K, 
L, NY 
None Sunil and Pradeep Asia (India) Unknown Unknown 
Table 1.1. Continued. 
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Species, authority and type 
location* 
Synonyms Species 
publication 
Distribution  Habitat  Resurrection 
capability 
 
Tripogon rupestris S.M.Phillips & 
S.L.Chen 
Type: China 
Holotype: K 
 
None Phillips and Chen 
2002 
Asia (China, India, 
Nepal) 
Damp rocks, often among 
moss 
Unknown 
Tripogon siamensis Bor 
Type: NE Thailand, Loei, Phu 
Kradeng 
Holotype: K 
 
None Bor 1963 Asia (India, 
Thailand) 
On rocky ground along edge 
of evergreen forest 
Unknown 
Tripogon sichuanicos S.M.Phillips 
& S.L.Chen 
Type: China 
Holotype: NAS 
 
None Phillips and Chen 
2002 
Asia (China) Mountain slopes and dry 
valleys 
Unknown 
Tripogon sivarajanii Sunil 
Holotype: MH 
Isotype: BRIT, K, L, PBL 
 
None Sunil 1999 Asia (India) Unknown Unknown 
Tripogon spicatus (Nees) Ekman 
Type: Brazil 
Isotype: MO 
Bromus spicatus Nees; 
Diplachne reverchonii Vasey; 
Diplachne spicata (Nees) Döll ex 
Benth.; 
Diplachne spicata (Nees) Döll; 
Leptochloa spicata (Nees) Scribn.; 
Rabdochloa spicata (Nees) Stuck.; 
Sieglingia schaffneri (S.Watson) 
Kuntze; 
Sieglingia spicata (Nees) Kuntze ex 
Stuck.; 
Tricuspis simplex Griseb.; 
Triodia schaffneri S.Watson; 
Triplasis setacea Griseb. 
 
 
 
Ekman 1912 North America 
(Texas, USA), 
Central America, 
and South America 
(Venezuela, Brazil, 
Ecuador, Bolivia, 
Paraguay, Uruguay, 
Argentina) 
 
In low prairies, in clay, 
basaltic or saline soils, 
and has been found in 
savannas, xerophytic 
regions, in 
rocky slopes 
Resurrection 
grass (Gaff, 
1987) 
Table 1.1. Continued. 
24 
 
Species, authority and type 
location 
Synonyms Species 
publication 
Distribution  Habitat  Resurrection 
capability 
 
Tripogon subtilissimus Chiov. 
Type: Somalia 
Holotype: Fl 
 
None Chiovenda 1906 Africa (Kenya, 
Somalia) and Asia 
(southern part of 
Saudi Arabia and 
Yemen) 
 
Seasonally wet alkaline 
soils, especially on 
limestone and 
gypsum 
Resurrection 
grass (Gaff 
1986) 
Tripogon thorelii A.Camus 
Type: Laos 
Holotype: K (photo), L (fragm), P 
Isotype: P 
 
None Camus 1920 Asia (Laos, 
Thailand) 
Exposed rocky outcrop, on 
sandstone bedrock savannah, 
deciduous dipterocarp forest 
Unknown 
Tripogon trifidus Munro ex Stapf 
Type: India, Meghalaya, Khasia 
Lectotype: K 
None Munro 1892 Asia (Bhutan, 
China, India, 
Mynmar, Nepal, 
Thailand, Vietnam) 
 
Stony ground, among rocks, 
in the open or in shade of 
broad-leaved mountain 
forest, trailsides, in or near 
rivers, waterfalls 
 
Unknown 
Tripogon vellarianus A.K.Pradeep 
Holotype: MH 
Isotype: BRIT, K, L, PBL 
None Pradeep and Sunil 
1999 
Asia (India) Unknown Unknown 
Tripogon velliangeriensis 
Type: unknown 
None Murugesan and 
Balasubramaniam 
2008 
Asia (India) Unknown Unknown 
Tripogon wardii Bor 
Holotype: K 
 
None Bor 1958 Asia (China, India, 
Myanmar) 
On rocky slopes Unknown 
Tripogon wightii Hook.f. 
Type: India 
Type: K 
 
None Hooker 189 Asia (Southern 
Peninsular India) 
On rocks of ca. 1500 m 
above sea level 
Unknown 
Tripogon yunnanensis J.L.Yang 
ex S.M.Phillips & S.L.Chen 
Type: China 
Holotype: E 
Isotype: US 
Tripogon yunnanensis Keng ex J.L. 
Yang 
Phillips and Chen 
2002 
Asia (China) Dry mountain slopes, among 
rocks 
Unknown 
Table 1.1. Continued. 
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*
Abbreviations of herbaria based from Index Herbariorum: AAU-Aarhus University, Aarhus, Denmark; B-Botanischer Garten und Botanisches 
Museum Berlin-Dahlem, Berlin; BAA-Universidad de Buenos Aires, Buenos Aires, Argentina; BM-British Museum of Natural History, England, 
UK; BRIT-Botanical Research Institute of Texas, Fort Worth, Texas, USA; CALI-University of Calicut, Kerala, India;  CDBI-Chengdu Institute of 
Biology, Chengdu, Sichuan, China; -E-Royal Botanic Garden Edinburgh, Scotland, UK;   Fl – Museo di Storia Naturale dell'Università, Florence, 
Italy; G- Conservatoire et Jardin botaniques de la Ville de Genève, Geneva, Switzerland; HNWP-Northwest Plateau Institute of Biology, Chinese 
Academy of Sciences, China; K-Royal Botanic Gardens Kew, UK; L-Nationaal Herbarium Nederland, Leiden University branch, Leiden, 
Netherlands; LIL-Fundación Miguel Lillo, Argentina; LISC-Instituto de Investigação Científica Tropical, Lisbon, Portugal; M- Botanische 
Staatssammlung München, Munich, Germany; MH-Tamil Nadu Agricultural University Campus at Coimbatore, India; MO- Missouri Botanical 
Garden, St Louis, Missouri, USA; NAS-Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, China; NY- New York Botanical 
Garden, Bronx, New York, USA; OAC-University of Guelph, Ontario, Canada; P-Muséum National d'Histoire Naturelle, Paris;  PAT- Muséum 
National d'Histoire Naturelle, Paris, France; PBL- Botanical Survey of India, Andaman & Nicobar Circle, Port Blair, Andamans, India; SI-Instituto 
de Botánica Darwinion, Argentina; SRGH-National Herbarium and Botanic Garden, Zimbabwe; Tl-University of Tokyo, Japan; US-United States 
National Herbarium, Smithsonian Institution, USA. 
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Figure 1.1.  Global distribution of Tripogon.  Source: Information compiled from various 
taxonomic revisions and notes on herbarium specimens (See Table 1.1). 
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Figure 1.2.  Distribution of species of Tripogon by major geographic region (continent). 
A) America, B) Africa (including the Arabian Peninsula) and C) Asia and Australia. Note: 
Asterisks denote species common to Asia and Africa.  Source: Information compiled from 
various taxonomic revisions and notes on herbarium specimens (See Table 1.1). 
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 Figure 1.3. Preferred habitats, associated species and habit of Tripogon loliiformis. A) 
Tripogon zone or narrow band of T. loliiformis in shallow soil following the contour of a 
rocky outcrop, with moss and lichen closer to the rocky shelf and Borya sp. and other 
grasses (e.g., Aristida sp., Enneapogon sp.) in the deeper soil; B) Habitat of thin soil 
overlaid with small rock particles; C) Clusters of the plant growing on/with mosses; D) 
Caespitose or clumped habit showing green and pigmented leaves. (Vouchers used: 
Fabillo 003 from Mt Magnet, Western Australia – BRI; B) Fabillo 026 from Dangore 
State Forest, Queensland (BRI);  C) Fabillo 027 from Wildhorse Mountain, Queensland 
(BRI);  D) Fabillo 011 from Karomin Rock, Western Australia (BRI)).  
 
29 
 
 
 
 
 
Figure 1.4.  The caespitose (clumped) habit of Tripogon and affiliated genera.  A) T. 
purpurascens - Spellenberg 7438 (MO);  B) T. minimus - Madsen 5569 (MO); C) T. 
spicatus - Peterson 15690 (MO); D) T. filiformis – Fabillo 040 (BRI);  E) T. loliiformis - 
Fabillo 003 (BRI);  F) T. loliiformis - Cumming 2664 (BRI);  G) Eragrostiella bifaria - 
Columbus 5770 (RSA);  and H) Oropetium capense – Smook 6895 (BRI).   Scale bars=2 
cm). 
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Figure 1.5. Phylogenetic relationships of Tripogon from subfamily and family level 
phylogenetic studies.  A) Eragrostiella is nested within Tripogon (modified from the 
subfamily level study of Peterson et al. 2010.  B) Tripogon is sister to Melanocenchris 
(modified from the subfamily level study of Columbus et al. 2007).  C) Tripogon is 
sister to Oropetium (modified from the family level study of the Grass Phylogeny 
Working Group II 2011).   
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CHAPTER 2: Leaf Anatomy and Micromorphology of 
Tripogon and Affiliated Genera 
 
This chapter contains a comprehensive survey of leaf structure of Tripogon and 
affiliated genera.  The general aim of the study was to describe and compare the leaf 
structure of some species of Tripogon and affiliated genera.  The specific aim of the 
study was to determine whether leaf anatomy and leaf micromorphology can be used to 
delimit taxa, in particular species of Tripogon, multiple accessions of T. loliiformis and 
Tripogon and affiliated genera (first aim of the research project).  Data were obtained 
through light and scanning electron microscopy of herbarium and field-collected ex situ 
hydrated (green) and dehydrated or desiccation tolerant (pigmented) leaf samples.  
Characters that were found to differentiate the taxa involved were included in the 
morphological data set that was analysed to reconstruct the phylogeny of Tripogon and 
affiliated genera (Chapter 4). 
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2.1. Introduction 
Vegetative characters have long been used to classify grasses at different taxonomic 
levels.  Vegetative characters pertaining to leaf anatomy (as revealed by transverse 
sections) and leaf micromorphology (surface morphology) are commonly used in 
systematic studies.  In this study the term ‘leaf structure’ will be used to refer to the 
anatomy and micromorphology of the leaf blade.  The term ‘vegetative structure’ applies 
to features other than those associated with the inflorescence. 
 
The use of leaf structure to describe tribes of grasses and differentiate and determine 
the affiliation of taxa is conventionally done in grass systematics (Duval-Jouve 1875 as 
cited in Brown 1958,  p. 170; Schwendener 1890 as cited in Brown 1958,  p. 170).  Leaf 
structure, along with inflorescence morphology and cytology, was used to confirm the 
affiliation of Maclurolyra tecta to the tribe Olyreae, subfamily Bambusoideae (Calderon 
and Soderstrom 1973).  Leaf structure was used to differentiate eight chloridoid species 
(Acrachne racemosa, Dactyloctinium aegyptium, Dactyloctinium scindicum, 
Desmostachya bipinnata, Eleusine indica, Eragrostis cilianensis, Eragrostis papposa, 
Octhochloa compressa) from each other  and to confirm the affiliation of these  species to 
the tribe Eragrostideae (Ahmad et al. 2011).  Leaf structure proved useful in 
differentiating nine species of Hordeum (subfamily Pooideae) from Turkey (Mavi et al. 
2011).  Leaf structure, along with lemma micromorphology, was used to confirm the 
close relationship of two chloridoid species, Bouteloua aristidoides and B. (Chondrosium) 
eriopoda, which had long been classified in two separate genera or subgenera 
(Columbus 1998).   
 
Despite numerous studies detailing the value of leaf structure in systematic studies, a 
comprehensive survey of leaf structure in the genus Tripogon is lacking.  Gross 
vegetative features were commonly used in previous taxonomic studies of Tripogon 
(Appendix 1).  In Tripogon, leaf structure, along with gross vegetative and reproductive 
characters, has only been used to differentiate three American species (T. ekmanii, T. 
nicorae and T. spicatus), (Rúgolo de Agrasar and Vega 2004).  Besides differences in 
plant height, leaf length and width and pubescence of leaf blade and sheath, all three 
American species vary in height and shape of the vascular bundle in the midrib, and 
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presence and distribution of colourless cells in the mesophyll (Rúgolo de Agrasar and 
Vega 2004).   
 
A general description of the leaf anatomy of Tripogon based on the African species, T. 
minimus, is provided by Metcalfe (1960) and used by Watson and Dallwitz (1992 
onwards) in Grass Genera of the World.  A general description of the leaf 
micromorphology of the genus based on the Australian species, T. loliiformis, is also 
provided by Watson and Dallwitz (1992 onwards) in Grass Genera of the World.  It is 
assumed that all published descriptions are based on hydrated green leaves, although 
only Metcalfe (1960) explicitly specified the use of hydrated green leaves.  In describing 
leaf structure, condition of leaves (e.g., hydrated vs. dehydrated) is an important 
consideration (Ellis 1976; 1979).  In Tripogon, the condition of leaves is important 
because of the occurrence of desiccation tolerance and resurrection capability.  It is not 
known if the interpretation of leaf characters of resurrection grasses is dependent on 
the state of hydration of leaves.  Personal obsevations (data not shown) reveal that 
hydrated leaves in Tripogon are always green, while dehydrated or desiccation tolerant 
leaves are pigmented.   
 
Based on the description of leaf structure of Tripogon by Metcalfe (1960) and Watson 
and Dallwitz (1992 onwards) and from their own observations, Rúgolo de Agrasar and 
Vega (2004) compared T. loliiformis, T. minimus and T. spicatus, species that share 
similarities in gross vegetative features (e.g., plant height).  They demonstrated that T. 
loliiformis and T. minimus both have long macro-hairs, while T. spicatus has short and 
long macro-hairs on the adaxial (upper) surface.  The abaxial (lower) surface of all 
species compared was found to be glabrous.   Considering that infraspecific variation is 
common in Tripogon, it is not known whether using a different set of accessions for T. 
loliiformis, T. minimus and T. spicatus would yield the same results.  Further, it is not 
known whether it is possible to group multiple accessions of the same species based on 
leaf structure.  It is also not known whether the general descriptions of the leaf 
structure of Tripogon (based on T. loliiformis, T. minimus and T. spicatus) are applicable 
to the Asian species.   
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Higher level phylogenetic studies using molecular data have indicated that Tripogon is 
closely related to species of Eragrostiella and Oropetium (Peterson et al. 2010; Grass 
Phylogenty Working Group II 2011).  Oropetium has mesophyll features that are 
predictive of C4 photosythesis and the arrangement and shape of cells on the abaxial 
surface of the leaf are similar to Tripogon (Watson and Dallwitz 1992 onwards).  Except 
for a subfamily level study of the lemma micromorphology that includes a species of 
Eragrostiella (Liu et al. 2010), the leaf structure of Eragrostiella seems not to have been 
studied comprehensively to date.  Both Eragrostiella and Oropetium are composed of 
species that are desiccation tolerant (Gaff and Ellis 1974; Gaff 1977). 
 
The general aim of this study is to describe the leaf structure of Tripogon, Eragrostiella 
and Oropetium using hydrated (green) and dehydrated or desiccation tolerant 
(pigmented) plants.  The specific aim of the study is to determine whether leaf structure 
can be used to differentiate species of Tripogon, multiple accessions of Tripogon and 
Tripogon from the affiliated genera.  The need to look at multiple accessions of T. 
loliiformis is important in order to determine whether there is a morphological basis for 
splitting up T. loliiformis as suggested previously. 
 
2.2 Materials and Methods 
Taxon sampling 
A total of 47 accessions (13 species of Tripogon from Africa, Americas, Asia and 
Australia; one species each of Eragrostiella and Oropetium; 30 accessions of T. loliiformis 
from across its geographic range) were examined (Table 2.1).  Leaf samples were 
obtained from herbarium specimen collections of AD, BRI, CANB, DNA, MEL, MO, NSW, 
NT and TARCH and from field-collected ex situ potted plants grown at Queensland 
University of Technology, Queensland, Australia. 
 
Leaf sampling 
Three basal (non-culm) leaves from three different plants, wherever possible, were 
examined for each species.  Replicated transverse sections were taken from the mid-
region (halfway between the leaf apex and the ligule) of the leaves, as recommended by 
Ellis (1976; 1979).   Depending on availability, both fresh green and pigmented leaves 
were examined (Table 2.1).  
35 
 
 
Leaf anatomy: sectioning and staining 
Transverse sections were prepared using both free-hand sectioning of fresh (unfixed) 
leaves and microtomy of fixed leaves (Igersheim and Cichoki 1996; Ruzin 1999).  Leaves 
were fixed in formalin alcohol acetic acid or FAA (10% formalin, 50% absolute ethanol, 
5% glacial acetic acid) and dehydrated through an alcohol series prior to embedding in 
2-hydroxyethyl methacrylate resin (Kulzer's Technovit 7100; Heraeus Kulzer, 
Wehrheim, Germany) or paraffin.  Resin- and paraffin-embedded leaves were sectioned 
at 6 and 10 µm using a Thermo Scientific™ HM 355S rotary microtome and stained with 
toluidine blue (TBO) and ruthenium red (Igersheim and Cichoki 1996) for resin-
embedded and TBO for paraffin-embedded leaves.  Resin embedding for some samples 
(e.g., tiny leaves of the Australian Tripogon) was used, instead of the usual cheaper and 
easier paraffin embedding, due to the difficulty of obtaining properly oriented and 
intact leaf sections using paraffin embedding.  Slides were viewed using a Nikon eclipse 
50i light compound microscope and images captured using the NIS-Elements BR digital 
image analysis software.    
 
Leaf surface morphology: scanning electron microscopy 
Fresh leaves were fixed in formalin alcohol acetic acid (FAA), dehydrated through an 
alcohol series and critical point dried prior to coating with gold for three minutes in a 
Leica EM-SCD005 sputter coater.  Pigmented leaves and leaves from herbarium 
specimens were directly coated with gold. Samples were examined using a Zeiss Sigma 
VP Field Emission scanning electron microscope.   
 
Leaf surface morphology: preparation of leaf replica 
Leaf replicas were prepared using nail varnish and adhesive tape (Bianchi amd 
Marchesi 1960; Dean and Ashton 2008).  This technique provides an overview of the 
distribution and arrangement of cells.  Leaf replicas were transferred to glass slides and 
were viewed using Nikon eclipse 50i light compound microscope. 
 
Selection of characters and terminology used 
As a starting point, leaf anatomical and micromorphological characters previously 
reported for T. loliiformis, T. minimus, the American Tripogon and other chloridoids 
36 
 
were included (Metcalfe 1960; Watson and Dallwitz 1992 onwards; Columbus 1998; 
Rúgolo de Agrasar and Vega 2004) (Appendix 1).  A total of 17 characters was assessed 
for variability (nine for leaf anatomy and eight for leaf micromorphology).  Terminology 
used was based on Ellis (1976; 1979).  A summary of all characters used and their 
sources are found in Appendix 2.  Details of how the characters were assessed are 
described below. 
 
Leaf anatomy: Leaf outline was assessed on the basis of the presence or absence of 
folding and undulations.  Leaf symmetry was described based on the number and type 
of lateral vascular bundles found on either side of the midvein. Vein order (also known 
as rank or type of vascular bundles) was determined using the process described by 
Ellis (1976).  Vascular bundles with large metaxylem vessels were classified as first 
order or primary vascular bundles. Vascular bundles without large metaxylem vessels 
but with readily distinguishable xylem and phloem tissue were classified as second 
order or secondary vascular bundles.  Vascular bundles with indistinguishable xylem 
and phloem were classified as third order or tertiary vascular bundles. Sub-epidermal 
fibres were classified as sclerenchyma girders, strands and caps.  Clusters of 
sclerenchyma fibres associated with vascular bundles in contact with or interrupting 
the outer bundle sheath were classified as girders, whilst those not in contact with the 
bundle sheath were classified as strands. Fibres not associated with any vascular bundle 
and found in the leaf margin were classified as caps.  Mesophyll features that were 
studied included thickness of the walls and size of the cells found in the bundle sheaths, 
shape of chlorenchyma cells, and distribution of colourless cells.  These characters were 
used to predict the photosynthetic pathway based on Prendergast et al. (1987).  Other 
features observed in transverse section and surface view included trichomes (macro- 
and micro-hairs, prickles), papillae and silica cells.  
 
Leaf micromorphology: The limits of costal (above vein) and intercostal (between 
veins) zonation and the position and arrangement of cell types in these two zones were 
established by examining transverse sections of leaves along with epidermal replicas 
and SEM images of the surface of the leaf.  Epidermal cells three times longer in length 
than width were identified as long cells.  Long cell outline was determined based on the 
undulations of the side walls (anticlinal horizontal).   Large cells, often in fan-shaped 
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clusters, were identified as bulliform cells.  In situations where it was difficult to 
differentiate bulliform cells from long cells, such cells were identified as long cells.  
Short cells in grasses include cork cells (with suberised cell walls), silica cells (with 
silicified cell walls) and unspecialised short cells.  Cork cells were identified using 
positive reaction to Sudan IV.  Silica cells were identified using elemental analysis 
software of SEM images for the presence of silica (Oxford Instruments, Australia).  
Macro-hairs were generally unicellular, slender, thin-walled intercostal hairs that have 
sunken bases surrounded by raised epidermal cells.  Micro-hairs were bicellular 
structures emerging from short cells.  Micro-hairs are sometimes referred to as salt 
glands in other studies (e.g., Liphschitz and Waisel 1974; Oross and Thomson 1982; 
Wieneke et al. 1987; Marcum 1999).  Trichomes found at the margins of the costal zones 
were classified as prickles. Small protrusions from the outer (periclinal) cell walls were 
identified as papillae.  Stomatal complexes were described on the basis of the shape of 
the associated subsidiary cells. 
 
The terms ‘variable’ and ‘uniform’ were used to compare characters across or within 
species. A character was considered variable if more than one character state was 
observed across species of Tripogon, within the Australian species (T. loliiformis) and 
across species of Tripogon, Eragrostiella and Oropetium.  A character was considered to 
be uniform if only one state was observed across or within a species.  Characters were 
considered to be potentially taxonomically informative if found to be variable between 
species or between multiple accessions of T. loliiformis. 
 
2.3. Results and Discussion 
A summary of the comparison of characters across species of Tripogon, within multiple 
accessions of T. loliiformis and across species of Tripogon, Eragrostiella and Oropetium is 
presented in Table 2.2.  Variation in leaf anatomy and leaf micromorphology is 
presented in Tables 2.3 and 2.4, respectively.  Results and discussion below are 
presented together to provide a better flow of information coming from this study and 
effectively compare this information with what is known in the literature.   
 
Leaf Anatomy 
Lamina outline  
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Tripogon and affiliated genera have lamina outlines of green (hydrated) leaves that are 
expanded and flattened, expanded and gently undulating, wide U-shaped, and wide V-
shaped (Figs. 2.1A-H, 2.2A-C). The majority of the species of Tripogon have expanded 
and flattened lamina.  Three different lamina shapes are observed in the Asian species.  
The lamina is expanded and flattened in Tripogon bromoides and T. purpurascens, 
expanded and wide U-shaped  in T. jacquemontii and T. lisboae and wide U-shaped in T. 
filiformis.  The only American species with available materials for leaf anatomy, T. 
spicatus, has expanded and flattened lamina.  There was no available green leaf material 
for the African species, T. minimus.  But based on the description of Metcalfe (1960), this 
species has expanded and flattened green leaf lamina.  All the accessions of T. loliiformis 
examined have expanded and flattened or wide V-shaped lamina.  The lamina outline of 
green leaves of Eragrostiella are expanded and flattened, similar to the majority of the 
species of Tripogon examined.  There was no available green leaf material for Oropetium 
capense.  
 
Tripogon and affiliated genera have lamina outlines of dry pigmented (desiccation 
tolerant) leaves that are U- or V-shaped.  Both character states are observed in the Asian 
species.  All the accessions collected from India namely, T. filiformis, T. jacquemontii and 
T. lisboae have a V-shaped lamina outline, while T. trifidus from Thailand have a U-
shaped lamina outline.  All African accessions (T. minimus and T. montanus) have a U-
shaped lamina outline, while the accessions of T. loliiformis have a U- or V-shaped 
lamina outline.  There were no available pigmented leaf materials for T. spicatus and 
Eragrostiella bifaria.  Oropetium capense has a U-shaped lamina outline, similar to the 
majority of the species of Tripogon examined. 
 
A comparison of lamina outlines in green and pigmented leaves of Tripogon and 
affiliated genera has never been investigated previously.  The findings that lamina 
outlines in green and pigmented leaves are variable make these characters potentially 
taxonomically informative.  Generally, lamina outline is a taxonomically informative 
character in grasses.  Characteristic lamina outline has been previously used to identify 
species or genera (e.g., Gielwanowska et al. 2005).   
 
Leaf symmetry 
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Tripogon and affiliated genera have leaf symmetry, resulting from the arrangement and 
type of vascular bundles, which could be symmetrical or asymmetrical.  The Asian 
accessions exhibit both character states.  Tripogon bromoides, T. filiformis, T. 
jacquemontii and T. lisboae have asymmetrical arrangement of vascular bundles, while 
T. trifidus has symmetrical arrangement.  The African accessions (T. minimus, T. 
montanus and T. purpurascens) are asymmetrical, while the American accession, T. 
spicatus, is symmetrical.  The multiple accessions of T. loliiformis have both symmetrical 
and asymmetrical leaves.  Eragrostiella and Oropetium have asymmetrical leaves similar 
to some accessions of Tripogon. 
 
Leaf symmetry is a potentially taxonomically informative character for Tripogon and 
affiliated genera.  This character has been used previously to confirm close relationship 
of two chloridoid species, Bouteloua aristidoides and B. (Chondrosium) eriopoda, which 
had long been classified in two separate genera or subgenera (Columbus 1998).   
 
Number and type of vascular bundles 
The number of vascular bundles in Tripogon and affiliated genera ranges from 7 – 37  
(Figs. 2.1A-H).  Vascular bundles of 16 and below were designated as few and above 16 
were designated as many in this study (Appendix 2).  The Asian accessions have few to 
many vascular bundles (VB).  Tripogon jacquemontii (10 VB) and T. trifidus (9 VB) have 
few vascular bundles.  Tripogon lisboae (37 VB) has many vascular bundles.  Tripogon 
bromoides (17 – 19 VB) and T. filiformis (14 – 18 VB) have both few and many vascular 
bundles.  The African accessions have few to many vascular bundles.  Tripogon minimus 
(8 VB) and T. montanus (13 VB) have a few vascular bundles while T. purpurascens has 
many (19 VB).  The American accession, T. spicatus, has few vascular bundles.  All 
accessions of T. loliiformis also have few vascular bundles (7 – 13).  Eragrostiella and 
Oropetium have few vascular bundles (8 – 9), similar to the majority of the species of 
Tripogon. 
 
The number of the type of vascular bundle within a leaf varies in Tripogon and affiliated 
genera.  In the Asian accessions, there are 3 – 6 primary vascular bundles and 6 – 30 
tertiary vascular bundles.  Secondary vascular bundles are rarely observed.  There are 
two secondary vascular bundles identified in T. lisboae.  In both T. minimus and T. 
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spicatus, only one primary vascular bundle and 7 – 8 secondary vascular bundles are 
identified. There are no tertiary vascular bundles observed.   In the accessions of T. 
loliiformis, there are 1 – 3 primary vascular bundles, 2 – 8 secondary vascular bundles 
and 1 – 8 tertiary vascular bundles observed.  Eragrostiella bifaria and Oropetium 
capense both have one primary vascular bundle and 7 – 8 tertiary vascular bundles, 
similar to some accessions of Tripogon. 
 
Number of vascular bundles is a potentially taxonomically informative character for 
Tripogon and affiliated genera.  Columbus (1998) used this character to establish the 
close relationship of Bouteloua aristidoides and B. (Chondrosium) eriopoda. 
 
Sclerenchyma 
Tripogon and affiliated genera have sclerenchyma girders that are located close to the 
adaxial and/or abaxial side of the vascular bundles (Fig. 2.2A).  A variety of 
sclerenchyma girders, varying in shape, are observed.  Towards the abaxial side the 
girders appear as long flat bands or long curved bands, while those towards  the adaxial 
side are narrow equidimensional bands, plainly narrow but not equidimensional bands 
and bands that narrow towards the bundle.  All these shapes are observed in every 
species of Tripogon and affiliated genera (Figs. 2.3A-C).  Each type of vascular bundle is 
associated to a characteristic shape of girders.  For example, primary vascular bundles 
are usually associated with long flat or long curved abaxial bands and narrowing adaxial 
bands.  Secondary and tertiary vascular bundles are generally associated with long flat 
abaxial bands and narrow almost equidimensional adaxial bands.  Other shapes of 
girders could be seen on any type of vascular bundle.   
 
Sclerenchyma girder in the midvein is present or absent in Tripogon and affiliated 
genera.  In most Asian species, a sclerenchyma girder is always present (Fig. 2.2A), but it 
could be present or absent in T. bromoides.  In T. minimus and T. spicatus, a 
sclerenchyma girder is always present.   In accessions of T. loliiformis, sclerenchyma 
girder in the midvein could be present or absent (Figs. 2.2B-C).  Both Eragrostiella 
bifaria and Oropetium capense have sclerenchyma girders in the midvein, similar to the 
majority of the species of Tripogon.  
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Sclerenchyma strand could be present or absent in Tripogon and affiliated genera (Fig. 
2.3D).  Asian species do not have sclerenchyma strands, except for T. montanus and T. 
trifidus.  Both T. minimus and T. spicatus have sclerenchyma strands.  The accessions of 
T. loliiformis studied may or may not have sclerenchyma strands.  Both Eragrostiella 
bifaria and Oropetium capense have sclerenchyma strands, similar to the majority of the 
species of Tripogon. 
 
Sclerenchyma cap could be short, long pointed or absent in Tripogon and affiliated 
genera (Figs. 2.3C-D).   It is long pointed in all Asian species, except T. trifidus, which 
does not have sclerenchyma cap.  It is long pointed in T. minimus and T. spicatus.  It is 
short in all of the accessions of T. loliiformis examined.  Eragrostiella bifaria and 
Oropetium capense have long pointed sclerenchyma cap, similar to the majority of the 
species of Tripogon. 
 
Presence of sclerenchyma girders in the midvein and shape of sclerenchyma cap in the 
leaf margin are potentially taxonomically informative characters for studying Tripogon 
and some affiliated genera.  Features of the sclerenchyma fibres were useful in 
confirming the affinity of a chloridoid species Muhlenbergia diversiglumis to the genus 
Pereilema instead of the genus Muhlenbergia.  These features have also proven useful in 
confirming the similarity of M. ciliata, M. pectinata, and M. tenella as well as their 
distinction from other species of Muhlenbergia (Peterson et al. 1989). 
 
Mesophyll 
Tripogon and affiliated genera have uniform mesophyll consisting of two sheaths 
surrounding the vascular bundles.  The inner (mestome) sheath directly surrounding 
the vascular bundle has conspicuously thickened walls and is composed of cells that are 
smaller than those of the outer sheath.  The outer (photosynthetic carbon reduction or 
PCR) sheath, laterally adjacent to the inner sheath, has large cells with centripetally 
positioned chloroplasts. This set of features is predictive of the NAD-ME pathway of C4 
photosynthesis (Prendergast et al. 1987).  Other features of the mesophyll observed 
include a radiate single layer of tabular shaped chlorenchyma cells found around the 
outer bundle sheath.  This layer is interrupted on both adaxial and abaxial sides by 
sclerenchyma girders and is consequently described as having two strips (Fig. 2.2A).   
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Colourless cells close to the chlorenchyma form the intercostal zone.  The colourless 
cells are thin-walled round or irregularly-shaped parenchyma cells. They form clusters 
and extend from the adaxial to the abaxial side of the leaves in all species examined 
(Figs. 2.3E-F).   
 
Characters related to the mesophyll are not potentially taxonomically informative for 
studying Tripogon and affiliated genera.  Rúgolo de Agrasar and Vega (2004) used 
features of the colourless cells to differentiate species of American Tripogon.  However, 
findings from this present study differ from those of Rúgolo de Agrasar and Vega 
(2004).  Specifically, they found that the colourless cells in T. spicatus are only found on 
the adaxial side, whereas the colourless cells in the present study are distributed from 
the adaxial to the abaxial side of the leaf.  It is possible that T. spicatus exhibit different 
states of this character.  Previous studies have shown that photosynthetic type (as 
revealed in the features of the mesophyll) is a taxonomically informative character at 
the subfamily level (Hattersley 1984; Giussani et al. 2001), but may not be at the genus 
level, as shown in this study. 
 
Bulliform cells 
All taxa examined have groups of fan-shaped bulliform cells that occur in the intercostal 
(between veins) zone.  The bulliform cells are inflated in hydrated green leaves and 
shrunk or collapsed in pigmented leaves (Figs. 2.3E-F).  When looking at the surface of 
the leaves using scanning electron microscopy, bulliform cells, which are epidermal long 
cells, aid in maintaining the integrity of the intercostal zone.  In pigmented leaves, the 
intercostal zone appears narrower and almost empty due to the collapse of bulliform 
cells.   
 
Shape of the bulliform cells in green and pigmented leaves is not a taxonomically 
informative character.  Feaures of the bulliform cells are rarely used in taxonomic 
studies (Duval-Jouve 1875 as cited in Gupta 2012 p.217).  Numerous studies involving 
these cells focus on the physiology and the role they play in leaf shape and response to 
water stress (e.g. Hsiao et al. 1984; Xiang et al. 2012).   
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Leaf Micromorphology 
Costal/intercostal zonation 
Tripogon and affiliated genera have conspicuous costal (above veins)/intercostal (in 
between veins) zonation on both abaxial and adaxial surfaces of the leaf (Figs. 2.4A-B).  
Structures commonly occurring in the costal zone include long cells, short cells, prickles, 
macro-hairs and papillae.  Those occurring in the intercostal zone include long cells, 
stomata, micro-hairs, macro-hairs, and papillae.   The distribution of cells in these zones 
is almost similar on the abaxial and adaxial surfaces, except for the higher density of 
hairs on the adaxial surface and the absence of papillae on the abaxial surface.  In 
pigmented leaves, the intercostal zone has a space devoid of row of bulliform cells, due 
to shrinking of these cells.  
 
Long cells 
Both green and pigmented leaves of Tripogon and affiliated genera are dominated by 
long cells. Long cells are uniformly thin-walled with deeply undulating anticlinal walls 
forming Ω-shaped outlines in all species of Tripogon and all accessions of T. loliiformis 
examined (Figs. 2.5A-C).  This long cell outline is also observed in Oropetium capense 
and Eragrostiella bifaria. 
 
The description of long cells observed in the present study is consistent with that 
provided by Watson and Dallwitz (1992 onwards) for Tripogon and Oropetium.   Shape 
of long cells is a potentially taxonomically informative character for studying Tripogon 
and some related taxa.   The taxonomic utility of these cells has not been reported or 
discussed in the literature. 
 
Short cells: silica cells 
Tripogon and affiliated genera have silica cells that are either saddle- or dumbbell-
shaped (Figs. 2.6A-F).  The majority of the species, including all accessions of Tripogon, 
has saddle-shaped silica cells.  The Asian species, T. filiformis, T. jacquemontii and T. 
lisboae have dumbbell-shaped silica cells.  Both Eragrostiella bifaria and Oropetium 
capense have saddle-shaped silica cells, similar to the majority of the species of 
Tripogon.  
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Silica cell shape is a potentially taxonomically informative character for studying 
Tripogon and some affiliated genera.  The shape of silica cells is informative at the 
subfamily level.  It is dumbbell-shaped in panicoid grasses, saddle-shaped in most pooid 
and chloridoid grasses, and vertically oriented in the bambusoids (Piperno and Pearsall 
1998).  At the tribal level, the distribution and shape of silica bodies are taxonomically 
informative in the Stipeae (Barkworth 1981).   
 
Stomata: subsidiary cells 
Tripogon and affiliated genera are amphistomatic, that is, stomata are found on both 
adaxial and abaxial surfaces.  The subsidiary cells surrounding the stomata could be 
triangular, dome or both triangular and dome in shape (Figs. 2.7A-E).  The majority of 
the species of Tripogon has dome-shaped subsidiary cells. The African species, T. 
montanus, has both dome-shaped and triangular subsidiary cells.  The accessions of T. 
loliiformis have dome, triangular or dome and triangular subsidiary cells.  Eragrostiella 
bifaria has triangular and dome-shaped subsidiary cells, similar to some accessions of T. 
loliiformis.  Oropetium capense has triangular subsidiary cells, similar to T. montanus 
and T. loliiformis. 
 
The description of subsidiary cells of Tripogon and Oropetium observed in the present 
study is consistent with that provided by Watson and Dallwitz (1992 onwards).  
Subsidiary cell shape is a potentially taxonomically informative character for Tripogon 
and affiliated genera and has proven useful in taxonomic studies of Festuceae (Decker 
1964) and North American Stipeae (Barkworth 1981).   
 
Micro-hairs  
Tripogon and affiliated genera have micro-hairs that are bicellular and of the chloridoid 
type.  There is a short spherical distal cell and an equally short or shorter basal cell 
(Figs. 2.8 A-D).  These micro-hairs arise from short cells that are distributed in between 
long cells.  They form a row next to the stomata on both adaxial and abaxial surfaces.  
Basal cells may or may not be visible and distal cells are usually collapsed.   
 
The description of micro-hairs provided by Watson and Dallwitz (1992 onwards) for 
both Tripogon and Oropetium are consistent with the present findings.  Although not 
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taxonomically informative in Tripogon and affiliated genera, the shape of micro-hairs 
has been a useful character in classifying grasses at different taxonomic levels.  It was 
useful in differentiating 74 species of Eragrostis (Amarasinghe and Watson 1990) and in 
distinguishing the medicinally important species, Cymbopogon citratus, from similar 
species of Cymbopogon with no medicinal value (Foloronsu and Oyetunji 2007).   
 
Macro-hairs 
Macro-hairs on the leaves of Tripogon and affiliated genera could be exclusively adaxial, 
abaxial and adaxial, or absent (Figs. 2.9A-C).  In the Asian accessions, macro-hairs are 
absent (T. bromoides  and T. trifidus) or found on the adaxial surface only (T. chinensis, T. 
filiformis and T. lisboae).  In the African accessions, macro-hairs are absent in T. 
montanus or found on the adaxial surface in T. minimus and T. purpurascens.  The 
absence of any observable macro-hairs in the American accession, T. spicatus, does not 
conform with the previous description of  Rúgolo de Agrasar and Vega (2004) who 
observed macro-hairs of various  sizes in T. spicatus.  In the multiple accessions of T. 
loliiformis, macro-hairs were absent in some, and found on the adaxial surface or in both 
surfaces in the others.  Macro-hairs were not observed in Eragrostiella bifaria and 
Oropetium capense, similar to some accessions of Tripogon. 
 
The description of Rúgolo de Agrasar and Vega (2004) on the presence of long whitish  
and twisted macro-hairs in T. minimus and T. loliiformis is partially correct.  However, it 
is important to note that there were accessions of T. loliiformis with no macro-hairs, in 
the same way that there were T. spicatus with and without macro-hairs.  It is therefore 
possible that with more accessions of T. minimus, there could be those with no macro-
hairs as well.   
 
Features of the macro-hairs are potentially taxonomically informative characters for 
Tripogon and affiliated genera.  This character has also been used to distinguish species 
of Hordeum (Cai et al. 2003)   and subspecies of Aristida stricta (Kesler et al. 2003) and 
Elymus glaucus (Wilson et al. 2001).   
 
Prickles 
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Tripogon and affiliated genera have prickles that form a single row with the long cells, at 
the margins of the costal zone of abaxial and adaxial leaf surfaces.  These robust pointed 
structures have swollen bases that arise directly from, and form an integral part of the 
epidermis (Fig. 2.10A).   
 
Features of the prickles are not taxonomically informative for Tripogon and affiliated 
genera but have proven useful in taxonomic studies of other grasses, including 
Cymbopogon citratus (Foloronsu and Oyetunji 2007), Coix lacryma-jobi and Coix 
aquatica and in Bambusoideae (Renvoize 1985). 
 
Papillae 
Tripogon and affiliated genera have papillae that are conical in shape, small in size 
(diameter is less than ½ the vertical width of the long cells) and are found on the 
adaxial surface only.  These are distributed on long cells (including bulliform cells) of 
the costal and intercostal zones (Fig. 2.10B).   
 
Features of the papillae are not taxonomically informative in Tripogon but have proven 
useful in taxonomic studies of other grasses, including Cymbopogon citratus (Foloronsu 
and Oyetunji 2007) and species of Sorghastrum (Dávila and Clark 1990). 
 
2.4. Summary and Conclusions 
This study provided a detailed description of the leaf structure of Tripogon, multiple 
accessions of the reportedly highly variable Australian species, T. loliiformis, and 
representatives of affiliated genera, Eragrostiella and Oropetium.   An important 
observation made during this study of predominantly desiccation-tolerant grasses is the 
need to specify the condition of the leaves (e.g., green vs. pigmented) studied as features 
of the cells vary depending on leaf conditions.  The outline of the lamina of green leaves 
is expanded and flat, expanded and gently undulating or wide U-shaped, whilst that of 
pigmented leaves is either U-shaped or V-shaped.  Bulliform cells are fan-shaped and 
aid in the integrity of the intercostal zone in green leaves.  These cells are shrunken and 
cause collapse of the intercostal zone in pigmented leaves.   Both leaf surfaces have 
stomata that are surrounded by dome-shaped, triangular, or dome-shaped and 
triangular subsidiary cells.  Short cells are distributed in the costal zone, most of which 
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have silica bodies that are either saddle- or dumbbell-shaped.  Various trichomes 
(bicellular micro-hairs, unicellular macro-hairs, prickles and papillae) are found on 
either or both surfaces of the leaf or could be absent.  The mesophyll has features that 
are indicative of NAD-ME pathway of C4 photosynthesis.  It has double sheath 
surrounding the vascular bundles, the inner of which has conspicuously thickened 
walls, while the outer has large cells with centripetally positioned chloroplasts.  The 
vascular bundles vary in number from 7 – 37 and in type (primary, secondary and 
tertiary).  These have associated sclerenchyma girders that are located on both adaxial 
and abaxial surfaces and vary in shape from flat to curved bands and narrow 
equidimensional to narrowing towards the vascular bundle.    
 
Characters of the leaf structure are variable or uniform between species of Tripogon, 
between accessions of T. loliiformis, and between Tripogon and affiliated genera.  
Features of the mesophyll and bulliform cells in green and pigmented leaves are 
uniform between species of Tripogon.  These two characters and the lamina outline of 
green and pigmented leaves are uniform within multiple accessions of T. loliiformis.  
Lamina outline of green and pigmented leaves, leaf symmetry, number of vascular 
bundles, presence or absence of sclerenchyma girders in the midvein, and shape of 
sclerenchyma cap in the leaf margin are variable in Tripogon.  These characters, except 
for the lamina outline of pigmented leaves and number of vascular bundles, are also 
variable in the multiple accessions of T. loliiformis.  All leaf anatomical characters are 
similar between Tripogon and affiliated genera.  Leaf micromorphological characters 
such as costal/intercostal zonation, long cell outline, and features of prickles and 
papillae are uniform throughout the species of Tripogon.  These characters, in addition 
to silica cell shape and features of the micro-hair, are also uniform throughout the 
multiple accessions of T. loliiformis.  Shape of silica and subsidiary cells, features of the 
micro-hairs, and distribution of macro-hairs are variable in Tripogon.  These characters, 
except for the shape of silica cells and features of micro-hairs, are also variable within T. 
loliiformis.  All leaf micromorphological characters are similar between Tripogon and 
affiliated genera.   
 
Based on the findings that some characters of the leaf structure are variable between 
species of Tripogon, between accessions of T. loliiformis, or between Tripogon and 
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affiliated taxa, several characters can be considered as potentially taxonomically 
informative.  Leaf anatomical characters that are potentially taxonomically informative 
include lamina outline of green and pigmented leaves, leaf symmetry based on the 
arrangement of different types of vascular bundles, number of vascular bundles, 
presence of sclerenchyma girders in the midvein, and shape of sclerenchyma cap in the 
leaf margin.  Leaf micromorphological characters that are potentially taxonomically 
informative include long cell outline, silica cell shape, subsidiary cell shape and 
distribution of macro-hairs.  These characters were included in the morphological data 
set that was analysed for phylogenetic reconstruction (Chapter 4). 
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Table 2.1.  Taxa used, details of vouchers and leaf structure data obtained.  (Note: 
Asterisks* in T. loliiformis denote syntypes). 
Species Voucher  Locality  Morphological 
data 
 (A=leaf anatomy, 
B=leaf 
micromorphology) 
T. bromoides  D. Clayton 5460 (CANB) Asia (Sri Lanka) A, B 
F.M. Jarrett HFP 1078 (BRI) Asia (India) A, B 
 
T. chinensis S.R. Liu 1997 (MO) Asia (China) B 
 
T. filiformis  DeBoufford et al. 35245 
(MO) 
Asia (China) B 
Fabillo 040 (BRI) Asia (India) A, B 
S.J. van Ooststroom 13329 
(CANB) 
 
Asia (Indonesia) A, B 
T. jacquemontii  Fabillo 041 (BRI) Asia (India) A, B 
 
T. lisboae  Fabillo 042 (BRI) Asia (India) A, B 
 
T. loliiformis  Atkinson       JA 84 (PERTH) Australia 
(Paraburdoo, 
Western Australia) 
 
A, B 
 Bean 27416 (BRI) Australia (WNW of 
Bollon, Queensland) 
 
A, B 
 Bean 30064 (BRI) Australia (Gregory 
South, Queensland) 
 
A, B 
 Brennan 9216 (DNA) Australia (Tennant 
Creek, Northern 
Territory) 
 
A, B 
 Columbus 5092 (BRI) Australia (Moreton, 
Queensland) 
 
A, B 
 Crawford 7368 (CANB) Australia (New South 
Wales) 
 
A, B 
 Cumming 24014 (BRI) Australia (Little Star 
River, Townsville, 
Queensland) 
 
A, B 
 E. Bowman (MEL104182)* Queensland, 
Australia 
B 
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Species Voucher  Locality  Morphological 
data 
 (A=leaf anatomy, 
B=leaf 
micromorphology) 
 
T. loliiformis  E. Bowman (MEL104183)* Australia (Herbert’s 
Creek, Queensland, 
Australia) 
 
B 
  Eddie 1549 (BRI) 
 
 
 
Australia (South Flat 
paddock, NNE Roma, 
Maranoa, Queensland) 
 
B 
 Fabillo 001 (BRI) Australia (south of Mt 
Magnet, 29.5 km 
north of Paynes Find, 
Western Australia) 
 
A 
 Fabillo 003 (BRI) Australia (The 
Granites, Mt Magnet, 
Western Australia) 
 
A, B 
 Fabillo 021 (BRI) Australia (Bruce 
Rock, Western 
Australia) 
 
A, B 
 Fabillo 025 (BRI) Australia (Yorkrakine 
Rock, Yorkrakine, 
Western Australia) 
 
A, B 
 Fabillo 026 (BRI) Australia (Across 
Dangore State Forest, 
Queensland) 
 
A, B 
 Fabillo 027 (BRI) Australia (Wildhorse 
Mountain, 
Queensland) 
 
A, B 
 Fabillo 028 (BRI) Australia (near Little 
Morrow Creek, 
Queensland) 
 
A, B 
 Fabillo 029 (BRI) Australia (Mount 
Peregian, Queensland) 
 
 
 
 
 
A, B 
Table 2.1.  Continued. 
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Species Voucher  Locality  Morphological 
data 
 (A=leaf anatomy, 
B=leaf 
micromorphology) 
 
T. loliiformis  Fabillo 036 (BRI) Australia 
(Auchmeddan, near 
Thoona  north east, 
Victoria) 
 
A, B 
 Fensham 5427 (BRI) Australia (Yelarbon 
area, Darling Downs, 
Queensland) 
 
A, B 
 Forster 35739 (BRI) Australia (Mariala 
National Park, 
Warrego,Queensland) 
 
A, B 
 Hosking 3692 (BRI) Australia (Moonbi 
Ranges, New South 
Wales) 
 
A, B 
 J. Drummond (MEL626896)* Australia (Western 
Australia) 
 
B 
 J. Drummond (MEL626899)* Australia (Western 
Australia) 
 
B 
 Latz 23594 (DNA) 
 
 
 
 
Australia (40 km 
WNW of Kalamuria 
Hstd., South 
Australia) 
 
A, B 
 Latz 25798 (DNA) Australia (MacClarke 
Conservation Reserve, 
Northern Territory) 
 
A, B 
 Leicchardt (MEL 626901)* Australia (Charley’s 
Creek, Queensland) 
 
B 
 O’Shannesy (MEL 626897)* Australia 
(Rockhampton, 
Queensland) 
 
B 
 Williams 001 (BRI) Australia (Charleville, 
Queensland) 
 
A, B 
 Womersley (BRI) Asia (Rouna Falls, 
Sogeri,  New Guinea) 
A, B 
Table 2.1.  Continued. 
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Species Voucher  Locality  Morphological 
data 
 (A=leaf anatomy, 
B=leaf 
micromorphology) 
    
T. minimus  Jens Elgaard Madsen 5569 
(MO) 
 
Africa (Burkina Faso) A, B 
T.  montanus  Wood 2912 (BRI) Africa (Yemen) A, B 
 
T.  multiflorus  J.R. Maconochie3628 
(CANB) 
 
Africa (Qatar) 
 
B 
T. nanus D.E. Boufford, B. 
Bartholomew, C.Y. Chen, 
M.J. Donoghe, R.H. Ree, H. 
Sun & S.K. Wu 28865 (MO) 
 
Asia (China) B 
T.  purpurascens R. Spellenberg 7438 (MO) Africa (Yemen) A, B 
 
T. spicatus Peterson15690 and  R Soreng 
(MO) 
 
America (Chile) A, B 
T.  trifidus  Simon Laegaard and M. 
Norsangsri (MO) 
 
Asia (Thailand) A, B 
Affiliated species    
Eragrostiella 
bifaria 
 
Cumming 24435 (BRI) Australia 
(Queensland) 
A, B 
Oropetium 
capense 
Smook 6895 (BRI) Africa (South Africa) A, B 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.1.  Continued. 
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Table 2.2. Summary of the characters of the leaf structure investigated, variability between 
species of Tripogon and between multiple accessions of T. loliiformis, similarity of affiliated 
genera to Tripogon and taxonomic utility of the characters. (A character was considered 
variable between species of Tripogon or between multiple accessions of T. loliiformis if more 
than one character states are observed, and uniform if only one state is observed; affiliated 
genera were considered similar to Tripogon if the character state it exhibits for a character is 
observed within Tripogon; a character was considered potentially taxonomically informative 
if it is variable in some taxa observed). 
 
Characters Variability 
between 
species of 
Tripogon  
(uniform 
vs. 
variable) 
Variability 
between 
multiple 
accessions 
of T. 
loliiformis  
(uniform 
vs. 
variable) 
Similarity 
of 
affiliated 
genera to 
Tripogon 
(similar vs. 
not similar) 
 
Potential 
taxonomic utility 
(informative vs. 
not informative) 
LEAF ANATOMY  
     Lamina outline (green leaves) Variable Variable Similar Informative 
     Lamina outline (pigmented  
          leaves) 
Variable Uniform Similar Informative 
     Leaf symmetry Variable Variable Similar Informative 
     Number of vascular bundles Variable Variable Similar Informative 
     Presence of sclerenchyma girder  
          in the midvein 
Variable Variable Similar Informative 
     Shape of sclerenchyma cap Variable Uniform Similar Informative 
     Mesophyll features Uniform Uniform Similar Not informative 
     Bulliform cells (green leaves) Uniform Uniform Similar Not informative 
     Bulliform cells (pigmented  
          leaves) 
 
Uniform Uniform Similar Not informative 
LEAF MICROMORPHOLOGY  
     Costal/intercostal zonation Uniform Uniform Similar Not informative 
     Long cell outline Uniform Uniform Similar  Not informative 
     Silica cell shape Variable Uniform Similar Informative 
     Subsidiary cell shape Variable Variable Similar Informative 
     Micro-hair shape  Uniform Uniform Similar Not informative 
     Macro-hair distribution Variable Variable Similar Informative 
     Prickles Uniform Uniform Similar Not informative 
     Papillae Uniform Uniform Similar Not informative 
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Table 2.3.  Variation in leaf anatomy of Tripogon and affiliated genera.  (? =missing data due to lack of suitable material available). 
Species and 
condition of 
leaf examined 
(i.e. green, 
pigmented) 
Leaf anatomical characters 
Lamina outline Total and number 
of each type of 
vascular bundle  
(p=first order, 
s=second order, 
t=third order) 
Symmetry of 
vascular 
bundle based 
on the 
distribution of 
lateral vascular 
bundles to the 
left and right of 
the midvein 
 
Sclerenchy
ma girder in 
the midvein 
Sclerenchy
ma strand 
Sclerenchyma 
cap 
 in  leaf margin 
Hydrated green Dehydrated 
pigmented 
T. bromoides 
(green) 
 
Expanded, 
flattened 
? 17-19   
(p=6; t=11-12) 
Asymmetrical Present or 
absent 
Absent Long pointed  
T.  filiformis  
(green and 
pigmented) 
 
Wide, U-shaped V-shaped 14-18  
(p=3-5; t=11-13) 
Asymmetrical Present Absent Long pointed  
T. jacquemontii  
(green and 
pigmented) 
 
Expanded, gently 
undulating 
V-shaped 10  
(p=3; t=7) 
Asymmetrical 
 
Present Absent 
 
Long pointed  
T.  lisboae  
(green and 
pigmented) 
 
Expanded, gently 
undulating 
V-shaped 37  
(p=5; s=2; t=30) 
Asymmetrical 
 
 
Present Absent 
 
 
Long pointed  
T. loliiformis  
(green and 
pigmented) 
 
Expanded and 
flattened, wide V-
shaped  
U-shaped 7-13 
(p=1-3; s=2-8; t=1-
8) 
 
 
 
Asymmetrical-
symmetrical 
 
Present or 
absent 
Present or 
Absent 
 
Short pointed  
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Species and 
condition of 
leaf examined 
(i.e. green, 
pigmented) 
Leaf anatomical characters 
Lamina outline Total and number 
of each type of 
vascular bundle  
(p=first order, 
s=second order, 
t=third order) 
Symmetry of 
vascular 
bundle based 
on the 
distribution of 
lateral vascular 
bundles to the 
left and right of 
the midvein 
 
Sclerenchy
ma girder in 
the midvein 
Sclerenchy
ma strand 
Sclerenchyma 
cap 
 in  leaf margin 
Hydrated green Dehydrated 
pigmented 
T. minimus 
(pigmented) 
 
? U-shaped   8  
(p=1; s=7) 
Asymmetrical Present Present  
 
Long pointed  
T. montanus  
(pigmented) 
 
? U-shaped   13  
(p=5; t=8) 
Symmetrical 
 
Present Present in  
 
Long pointed  
T. purpurascens  
(green) 
Expanded, 
flattened 
? 19  
(p=3; t=16) 
 
Symmetrical 
 
Present Absent Long pointed  
T. spicatus 
(green) 
Expanded, 
flattened 
? 9  
(p=1; s=8) 
 
Symmetrical Present Present  Long pointed  
T.  trifidus  
(pigmented) 
 
? U-shaped   9 (p=3; t=6) Symmetrical Present Present Absent 
 
Eragrostiella 
bifaria  
(green) 
 
Expanded, 
flattened 
? 9 (p=1; t=8) Asymmetrical Present Present Long pointed 
Oropetium 
capense 
(pigmented) 
? V-shaped 8 (p=1; t=7) Asymmetrical Present Present Long pointed 
Table 2.3.  Continued. 
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Table 2.4. Variation in leaf micromorphology of species of Tripogon and affiliated genera. 
 
Species and condition of 
leaf examined (i.e. green, 
pigmented) 
Leaf anatomical characters 
Silica cell shape Subsidiary cell 
shape 
Distribution 
of macro-
hairs 
T. bromoides  
(green) 
 
Saddle-shaped Dome-shaped Absent 
T. chinensis 
(green) 
 
Saddle-shaped Dome-shaped Adaxial  
T. filiformis  
(green and pigmented) 
 
Dumbbell-shaped Dome-shaped Adaxial 
T. jacquemontii  
(green and pigmented) 
 
Dumbbell-shaped Dome-shaped Both surfaces 
T.  lisboae  
(green and pigmented) 
Dumbbell-shaped Dome-shaped Adaxial 
T. loliiformis  
(green and pigmented) 
Saddle-shaped Dome-shaped, 
triangular,  
dome shaped 
and triangular 
 
Absent, 
adaxial, both 
surfaces 
T. minimus  
(pigmented) 
 
Saddle-shaped Dome-shaped Adaxial  
T.  montanus  
(pigmented) 
Saddle-shaped Triangular and 
dome-shaped 
 
Absent 
T.  purpurascens 
(green)  
 
Saddle-shaped Dome-shaped Adaxial 
T. spicatus  
(green) 
 
Saddle-shaped Dome-shaped Absent 
T.  trifidus  
(pigmented) 
 
Saddle-shaped Dome-shaped Absent 
Eragrostiella bifaria 
(green) 
 
Dumbbell-shaped Triangular, 
dome shaped 
Absent 
Oropetium capense 
(pigmented) 
Saddle-shaped Triangular Absent 
 
57 
 
 
Figure 2.1.  Transverse sections of leaves of Tripogon showing lamina outline in green 
(A-D) and pigmented  (E-H) conditions.  A) Flat and expanded in T. loliiformis.  B) Wide, 
V-shaped in T. loliiformis.  C) Gently undulating in T. lisboae.  D) Wide, U-shaped in T. 
filiformis.  E) V-shaped in T. filiformis. F) V-shaped in T. jacquemontii.  G) U-shaped in T. 
loliiformis.  H) U-shaped in T. montanus.  (Note: Vouchers used: A) Fabillo 027-BRI, B) 
Fabillo 021-BRI, C) Fabillo 041-BRI, D-E) Fabillo 040-BRI, F) Fabillo 041-BRI, G) Fabillo 
026-BRI, H) Wood  2912-BRI. 
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Figure 2.2.  Transverse sections of green (A-B) and pigmented (C) leaves of Tripogon 
showing an overview of the arrangement of the different types of vascular bundles and 
cells.  A) Tripogon lisboae; B) Tripogon loliiformis; C) Tripogon loliiformis. (Note: 
Vouchers used: A) Fabillo 040 (BRI), B) Fabillo 026 (BRI), C) Fabillo 021 (BRI).  
Abbreviations: Ab – abaxial surface, Ad – adaxial surface, BS – bundle sheath, Bu – 
bulliform cells, Co – colourless cells, MS – mestome sheath, Mx – metaxylem, Pa – 
papilla, Ph – Phloem, PVB – primary vascular bundle, SI – silica cell, SG – sclerenchyma 
girdle, SVB – secondary vascular bundle, TVB – tertiary vascular bundle.   Scale bars=50 
µm). 
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Figure 2.3.   Transverse sections of leaves of Tripogon showing sclerenchyma 
fibres (A-D),  bulliform cells and colourless cells at different leaf conditions (E-F).  
A) sclerenchyma girders that are narrower towards the vascular bundle at the 
adaxial side and curved inwards at the abaxial side, B) curved and narrow 
sclerenchyma girder (adaxial) and flat band-like girder (abaxial), C) long and 
pointed sclerenchyma cap, D) short sclerenchyma cap and adaxial sclerenchyma 
strand, E) fan-shaped bulliform cells and two layers of colourless cells extending 
from the adaxial to the abaxial surface of green hydrated leaves, F) Shrunken 
bulliform cells with one layer of colourless cells extending from the adaxial to the 
abaxial surface of pigmented leaves.  (Note: Vouchers used: A-C) T. lisboae Fabillo 
042 (BRI);  D) T. loliiformis Fabillo 034 (BRI);  E-F) T. loliiformis Fabillo 027 (BRI).  
Abbreviations: Bu – bulliform cells, Co – colourless cells, SC – sclerenchyma cap, 
SG – sclerenchyma girders, SS – sclerenchyma strand.   Scale bars=50 µm). 
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Figure 2.4. Surface replica of green leaves showing costal/intercostal 
zonation in Tripogon.  The boundary of the two zones occurs at (or lies at) 
the rows of stomata at the edges of the intercostal zone, as determine in 
transverse sections.  A) Adaxial surface showing bulliform cells (=long 
cells) dominating the intercostal zone and the wider space this zone 
occupies compared to the costal zone, B) Abaxial surface showing a 
narrower intercostal zone lacking bulliform cells. (Note: Voucher used for 
A-B: T. filiformis Fabillo 041 (BRI).  Abbreviations: Bu – bulliform cells, St – 
stomata. Scale bars=50 µm). 
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Figure 2.5. Micromorphology of green leaves. Surface replica (A)  and scanning 
electron micrographs (B – C) showing the arrangement, location, shape and 
outline of the long cells in T. loliiformis. A) Overview of the distribution of long 
cells in the costal and intercostal zones showing omega-shaped outline of each 
long cell.  B) Rows of long cells between rows of bicellular micro-hairs and 
stomata.  C) Rows of long cells. (Note: Vouchers used: A) T. loliiformis Fabillo 007 
(BRI), B-C) T. loliiformis Fabillo 003 (BRI).   Abbreviations: CZ – costal zone, ICZ – 
intercostal zone, LC – long cells, Mi – mico-hairs, St – stomata.  Scale bars=10 µm). 
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Figure 2.6.  Scanning electron micrographs of the abaxial surface of leaves of 
Tripogon and some affiliated genera showing two shapes of silica bodies 
namely dumbbell-shaped (A) and saddle-shaped (B – F).  A) Asian species, T. 
filiformis, B) African species, T. minimus, C) American species, T. spicatus, D) 
Australian species, T. loliiformis, E) Eragrostiella bifaria and F) Oropetium 
capense. (Note: Vouchers used: A) Fabillo 041 (BRI), B) Madsen 5569 (MO), C) 
Peterson 15690 (MO), D) Fabillo 003 (BRI), E) Cumming 24435 (BRI), F) 
Smook 6895 (BRI).  Abbreviation: Si – silica body.  Scale bars=10 µm). 
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Figure 2.7.  Scanning electron micrographs of the abaxial surface of leaves of 
Tripogon and some affiliated genera showing variation in the shape of subsidiary 
cells namely, dome-shaped (A) and triangular (B – E).  A) Australian species,  T. 
loliiformis, B) T. loliiformis, C) Asian species, T. montanus, D) Eragrostiella bifaria 
and E) Oropetium capense.  (Note: Vouchers used: A) Fabillo 003 (BRI), B) Fabillo 
027 (BRI), C) Wood 2912 (BRI),  D) Cumming 24435 (BRI), E) Smook 6895 
(BRI).  Abbreviations: LC – long cell, St – stomata, Su – subsidiary cell.   Scale 
bars=10 µm). 
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Figure 2.8.  Scanning electron micrographs of the abaxial surface of leaves of 
Tripogon and Oropetium showing the chlorodoid shape of the bicellular micro-
hairs.  Micro-hairs appear collapsed in all except in B.  A) Asian species, T. 
trifidus, B) Australian species, T. loliiformis, C) American species, T. spicatus, D) 
Oropetium capense.  (Note: Vouchers used: A) Laegaard (MO), B) Fabillo 003 
(BRI), C) Peterson 15690 (MO), D) Smook 6895 (BRI).     Scale bars=10 µm). 
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Figure 2.9.  Scanning electron micrographs of leaves of Tripogon 
showing variation in distribution of macro-hairs.  A) No macro-
hair in T. loliiformis, B) Present on both surfaces in T. loliiformis, 
C) Present on only one side of the leaf in T. minimus.  (Note: 
Vouchers used: A) Fabillo 028 (BRI), B) Fabillo 006 (BRI), C) 
Madsen 5569 (MO).  Abbreviation: Ma-macro-hair.  Scale bars=10 
µm). 
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Figure 2.10.  Scanning electron micrographs of 
leaves of Tripogon showing epidermal 
extensions.  A) prickles, B) papillae.  (Note: 
Vouchers used: A) T. loliiformis Fabillo 003 (BRI), 
B) T. jacquemontii Fabillo 042 (BRI).  
Abbreviations: Pa- papilla, Pr-prickle.  Scale 
bars=10 µm). 
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CHAPTER 3: Inflorescence Morphology of Tripogon 
and Affiliated Genera 
 
This chapter contains a comprehensive survey of inflorescence structure (inflorescence 
and floret morphology and lemma micromorphology) of Tripogon and affiliated genera 
(Eragrostiella and Oropetium).  The general aim of the study was to describe and 
compare the inflorescence structure of Tripogon and affiliated genera.  The specific aim 
of the study was to determine whether inflorescence structure can be used to delimit 
taxa, in particular species of Tripogon, multiple accessions of T. loliiformis and Tripogon 
and affiliated genera (second aim of the research project).  Data were obtained through 
stereo, light and scanning electron microscopy of herbarium, field-collected and ex situ 
plants.  Characters that were found to differentiate the taxa were included in the 
morphological data set that was analysed to reconstruct the phylogeny of Tripogon and 
affiliated genera (Chapter 4). 
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3.1. Introduction 
Features of the inflorescence, as revealed in gross morphology and micromorphology of 
the bracts (e.g., lemma) play a significant role in the systematics of the family Poaceae.  
Characters of the spikelet and lemma are considered reliable, being less plastic (Davis 
1983; Consaul et al. 2008).  For instance, Oryza schlechteri was transferred to Leersia on 
the basis of spikelet and lemma structure (Naredo et al. 1993).  DNA sequence data 
indicated that Cyphonanthus and Parodiophyllochloa were not related to Panicum. A re-
examination of specimens showed that spikelet, glumes and lemma structure data, in 
addition to leaf anatomical data, were consistent with the results of DNA sequence data 
(Morrone et al. 2007; Morrone et al. 2008).  Multiple studies involving lemma 
micromorphology have been important in providing well-resolved taxonomy of 
different grass taxa (e.g., Thomasson 1981; Peterson 1989; Columbus 1996; Snow 1996; 
Liu et al. 2010; Torres González and Morton 2005; Romaschenko et al. 2012; Nobis 
2013).  Lemma micromorphology has also proven useful in studying fossil grass bracts 
in North American Stipa  (Thomasson 1978).   
 
Despite numerous studies detailing the macro- and micromorphological structures of 
inflorescences in grasses, such studies, specifically, lemma micromorphology, are 
limited in Tripogon.  Descriptions of gross inflorescence morphology of Tripogon are 
addressed in grass databases and regional floras (e.g., (e.g., Watson and Dallwitz 1992 
onwards;  Phillips and Chen 2002; Palmer and Weiller 2005; Clayton et al. 2006 
onwards; Simon and Alfonso 2011; Simon et al. 2011).  Information on lemma 
micromorphology in Tripogon is only available for one Asian species, T.chinensis, and 
three American species (T. ekmanii, T. nicorae and T. spicatus) (Rúgolo de Agrasar and 
Vega 2004; Liu et al. 2010).  A comparison of the features of the glume between T. 
loliiformis, T. minimus and T. spicatus (Australian, African, and American species, 
respectively) has been provided by Rúgolo de Agrasar and Vega (2004).   
 
The use of gross inflorescence morphology is common in taxonomic studies of Tripogon, 
especially at a regional level (e.g., Phillips and Launert 1971; Rúgolo de Agrasar and 
Vega 2004; Newmaster et al. 2008) (Appendix 1), except the Australian species, T. 
loliiformis, for which no taxonomic study/revision has been done.   As with other species 
of Tripogon, T. loliiformis exhibits high morphological variability.  The 12 syntypes of T. 
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loliiformis nominated by Mueller (1873) to represent the species are highly variable in 
inflorescence morphology (Palmer and Weiller 2005, p. 423).  Palmer and Weiller (2005 
p. 423) observed that within T. loliiformis there are a variety of inflorescences ranging 
from “short dense”, “longer less dense” to “slightly overlapping to distant”.   
 
The findings in higher level phylogenetic studies that Eragrostiella and Oropetium could 
be sister to or nested within the genus Tripogon (Peterson et al. 2010; Grass Phylogeny 
Working Group 2011), appears problematic in the context of inflorescence morphology 
as there are obvious differences in the reproductive morphology of these three genera.  
In Eragrostiella and Oropetium the lemma is awnless, whilst in Tripogon the lemma has 
one or three awns.  Each spikelet of Oropetium has only two florets whilst there are 
always more than two florets per spikelet in Tripogon and Eragrostiella.  The glumes of 
Oropetium are always longer than the entire length of the spikelet but those of Tripogon 
and Eragrostiella are shorter than the spikelet (Clayton et al. 2006 onwards; Watson 
and Dalwitz 1992 onwards).  Most of the features of the lemma surface vary between 
Tripogon, Eragrostiella and Oropetium (Liu et al. 2010).  The proximo-distal walls of 
long cells  are sinuous and the outline of these protrusions is described as U-shaped in 
Eragrostiella.  The cork cells are absent in Oropetium and present with nodular shape in 
Eragrostiella and Oropetium.  The papillae are embedded on the long cells in Oropetium 
but are absent in Eragrostiella and Tripogon.  The silica cells are saddle-shaped and the 
macro-hairs in Eragrostiella are “sting-shaped” (Liu et al. 2010) that look hard and stiff 
but both cells are absent in Oropetium and Tripogon.   The lemma micromorphological 
characters that were used by Rúgolo de Agrasar and Vega 2004 to differentiate the 
American species were not the same as the characters used by Liu et al. (2010) for T. 
chinensis (Asian species) so it is difficult to compare the Asian and the American species 
based on lemma micromorphology.   
 
The general aim of this study is to describe and compare the inflorescence morphology 
of Tripogon, Eragrostiella and Oropetium.  The specific aim of the study is to determine 
whether inflorescence morphology can be used to delimit taxa, in particular, species of 
Tripogon, multiple accessions of T. loliiformis and Tripogon and affiliated genera.   
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3.2. Materials and Methods  
Taxon sampling 
A total of 103 accessions (representing 19 species of Tripogon from across its 
geographic range, one species each of Eragrostiella and Oropetium and 80 accessions of 
T. loliiformis from across its geographic range) were examined (Table 3.1).  Specimens 
were obtained from the herbarium specimen collections of AD, BRI, CANB, DNA, MEL, 
MO, NSW, NT and TARCH, and from field-collected ex situ potted plants grown at 
Queensland University of Technology, Queensland, Australia.   
 
Due to lack of suitable materials for destructive sampling of some accessions, a subset of 
the original sample size was used to study lemma micromorphology.  A total of 36 
accessions (representing 12 species of Tripogon, one species each of Eragrostiella and 
Oropetium and 23 accessions of T. loliiformis) were examined (Table 3.1). 
 
Lemma micromorphology 
Selection of floret samples was based on the protocol followed in previous studies of 
lemma micromorphology (e.g., Snow 1996; Acedo and Llamas 2001; Ortúñez and de la 
Fuente 2010; Ortúñez and Cano-Ruiz 2013).  The middle florets of spikelets found in the 
mid-region of the inflorescence were examined.  Fresh florets were fixed in formalin 
alcohol acetic acid or FAA (10% formalin, 50% absolute ethanol, 5% glacial acetic acid), 
dehydrated through an alcohol series and critical point dried prior to coating with gold 
for 3 minutes in a Leica EM-SCD005 sputter coater.  Florets from herbarium specimens 
were directly coated with gold. Samples were examined using a Zeiss Sigma VP Field 
Emission scanning electron microscope.  Data were taken from the middle part of one 
side of the lemma. 
 
Selection of characters and terminology used 
Definition of characters used and sources of information are presented in Appendix 2.  
As a starting point, characters and terminology of the gross inflorescence morphology in 
GrassBase (Clayton et al. 2006 onwards), AusGrass (Simon and Alfonso 2011) and Grass 
Genera of the World (Watson and Dallwitz 1992 onwards) were used.  Lemma 
micromorphological characters used by Liu et al. (2010) were used for this study. A 
total of 27 characters was assessed for variability (21 for gross inflorescence 
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morphology and six for lemma micromorphology).  Twenty one characters were taken 
directly from grass databases and six characters were newly constructed (Appendix 2).  
Terminology of lemma micromorphology followed Ellis (1979) as used in previous 
studies of lemma micromorphology (Snow 1996;  Acedo and Llamas 2001; Ortúñez and 
de la Fuente 2010; Ortúñez and Cano-Ruiz 2013).  In these studies, it is assumed that 
lemmas are homologous to leaves. 
 
The terms ‘variable’ and ‘uniform’ were used to compare characters across or within 
species. A character was considered variable if more than one character state was 
observed in multiple species of Tripogon and affiliated genera or in multiple accessions 
of T. loliiformis. A character was considered to be uniform if only one state was observed 
across or within a species.  Characters were considered to be potentially taxonomically 
informative if found to be variable between species or between multiple accessions of T. 
loliiformis. 
 
3.3. Results  
Inflorescence and floret morphology are highly variable across species of Tripogon, 
within T. loliiformis, and across species of Tripogon and affiliated genera.  However, 
lemma micromorphology is uniform across all accessions studied.  A comparison of 
characters that are variable and uniform in Tripogon and in T. loliiformis, and those that 
are similar to Eragrostiella and Oropetium, is provided in Table 3.2.  Variations in gross 
reproductive morphology are presented in Tables 3.3 – 3.4.   
 
Inflorescence, spikelet and floret morphology 
The inflorescences of all accessions studied are solitary unilateral terminal racemes 
with bisexual spikelets (Figs. 3.1A, C, E & Figs. 3.2A – C).  In the genus Tripogon,   the 
length of inflorescence varies from 2 – 30 cm, with 5 – 40 bisexual spikelets and 5 – 50 
florets in each spikelet.  Within T. loliiformis the length of inflorescence varies from 2 – 
22 cm, with 5 – 30 spikelets and 5 – 28 florets in each spikelet. In Eragrostiella bifaria, 
the length of inflorescence varies from 10 – 35 cm, with 30 spikelets and 35 florets in 
each spikelet.   In Oropetium capense, the length of inflorescence varies from 2 – 10 cm, 
with 15 spikelets and only two florets. 
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The shape of the spikelets in species of Tripogon and multiple accessions of T. loliiformis 
varies from lanceolate, linear, oblong or elliptic (Figs. 3.2 D – F).  The shape of the 
spikelets in Eragrostiella bifaria is oblong, while that of Oropetium capense, is lanceolate 
(Figs. 3.1B, D & F). 
 
The length of spikelets in species of Tripogon varies from 2 – 35 mm.  The spikelets are 
usually longest at the middle of the inflorescence and shortest at the base of the tip or 
longest at the tip or base and shortest at the middle.  The length of spikelets in the 
multiple accessions of T. loliiformis varies from 2 – 17 mm.  The spikelets in 
Eragrostiella bifaria is 6 – 20 mm long, with the longest found at the middle of the 
inflorescence.  In Oropetium capense, the spikelets are 2 – 4 mm long, with the longest 
found at the middle of the inflorescence.   
 
The overlap of spikelets along the rhachis varies in species of Tripogon and in the 
multiple accessions T. loliiformis.  Spikelets are overlapping from the tip to the base, 
partially overlapping (tip, middle or base overlap only), or non-overlapping throughout 
the rhachis.  The spikelets in Eragrostiella bifaria are overlapping, while those of 
Oropetium capense are non-overlapping. 
  
The lengths of the glumes relative to the each other and to the spikelet are uniform 
throughout Tripogon and T. loliiformis, and similar to Eragrostiella bifaria (Figs. 3.1B – D 
& Figs. 3.2D – F).  The lower glume is shorter than the upper glume and both glumes are 
shorter than the spikelet.  The glumes are unequal in lengths but are always longer than 
the spikelets in Oropetium capense (Fig. 3.1F). 
 
The shape of the upper and lower glume varies from linear, lanceolate, oblong, to ovate. 
Tripogon loliiformis exhibits lower glumes that are lanceolate or oblong and upper 
glumes that lanceolate and linear.  The lower glume of Eragrostiella bifaria is lanceolate 
and the upper glume is oblong. Oropetium capense has an oblong lower glume and a 
lanceolate upper glume.   
 
The number of anthers in Tripogon varies from one to three.  There are three anthers in 
T. loliiformis, Eragrostiella bifaria and Oropetium capense. 
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The shape of the lemma in Tripogon is elliptic or ovate.  Tripogon loliiformis and 
Oropetium capense have elliptic lemmas (Figs. 3.2G – I), while Eragrostiella bifaria has 
ovate lemmas.  The surface of the lemma is membranous, three-veined with the base of 
the veined bearing tufts of hair.  
 
The size of the lemma varies from 1 – 5 mm in length and 0.5 – 1.8 mm width in 
Tripogon.  Lemmas are 1.5 – 5 mm long and 0.5 – 2.5 mm wide in T. loliiformis.  Lemmas 
in Eragrostiella bifaria are 1.5 – 3 mm long and 1.2 – 1.5 mm wide, while those of 
Oropetium capense are 1 – 3 mm long and 0.9 – 1.2 mm wide.  The number of lemmatal 
awns in Tripogon varies (one or three).  The median awn (awn that arises from the 
middle vein) is longer or shorter than the lemma body.  In T. loliiformis, there is only one 
awn that is always longer than the lemma body.  There are no awns observed in 
Eragrostiella bifaria and Oropetium capense. 
 
In general, the morphology of the inflorescence, spikelets and florets is variable among 
species of Tripogon, within T. loliiformis and among species of Tripogon and affiliated 
genera.  This variability seems correlated to geographic location in T. loliiformis (Fig. 
3.3). 
 
Lemma micromorphology 
The micromorphology of the lemma across all taxa studied is uniform.  The decriptions 
provided below apply to all taxa. 
 
The surface of the lemma is dominated by long cells and short cells.  The long cells are 
uniformly thin-walled with deeply undulating anticlinal walls forming Ω-shaped 
outlines (Figs. 3.4A – C).  The short cells are in the form of crescent-shaped cork cells, as 
confirmed by positive staining to Sudan IV.  These short cells are distributed in 
alternation with long cells in a row (Figs. 3.4A – F).  Most short cells appear collapsed in 
the specimens studied (Figs. 3.4A – C, E – F). 
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Stomata are distributed in rows of long cells.  These stomata are found close to the vein.  
The stomata are surrounded by subsidiary cells that are triangular in shape (Figs3.5A – 
E). 
 
Bicellular micro-hairs are of the chloridoid type.  These consist of a short, spherical 
distal cell and an equally short or shorter basal cell.  Basal cells are not always visible 
and distal cells are usually collapsed (Fig. 3.6A – C ).  The apex of the distal cells is dome-
shaped.  These micro-hairs arise from short cells that are distributed in between long 
cells.  
 
3.4. Discussion 
The morphology of the inflorescence, spikelet and floret described in this study is 
consistent with the descriptions provided by Watson and Dallwitz (1992 onwards), 
Clayton et al. (2006 onwards),  Palmer and Weiller (2005) and Phillips and Chen (2002).  
The gross morphology of the inflorescence is highly variable in Tripogon and in T. 
loliiformis.  Except for the number of anthers and lemmatal awns, and the shape of the 
lemma, the multiple accessions of T. loliiformis vary in inflorescence, spikelet and floret 
morphology.  The idea that in fact, each species of Tripogon may exhibit variability of 
the reproductive characters studied, is not remote.  In this study, T. loliiformis was 
represented with multiple accessions, whereas a limited number of accessions was used 
for the other species.  As other species of Tripogon have already been proven to exhibit 
gross reproductive variability (e.g., Phillips and Launert 1971), it is possible to 
hypothesise that if multiple accessions are investigated, each of these species will 
exhibit a range of features for each character.  The variable reproductive characters 
identified in this study are potentially taxonomically informative characters. 
 
Contrary to the inflorescence, spikelet and floret morphology, the lemma 
micromorphology is uniform throughout all accessions studied, including the affiliated 
genera.  Although not potentially taxonomically informative, the similarity in lemma 
micromorphology could be helpful in assessing or elucidating phylogenetic 
relationships between Tripogon and affiliated genera and other taxa of grasses. 
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3.5.  Summary and Conclusions 
This survey provided descriptions of the inflorescence structure (inflorescence, spikelet 
and floret morphology and lemma micromorphology) of Tripogon, multiple accessions 
of T. loliiformis and affiliated genera (Eragrostiella and Oropetium). The inflorescence, 
spikelet and floret morphology of all species studied is available adequately in existing 
literature.  Re-examining these characters in the present study was more directed to 
finding out whether inflorescence, spikelet and floret morphology varies within 
multiple accessions of the reportedly variable sole Australian species, T. loliiformis.  In 
addition, the survey of morphological characters of the inflorescence, spikelet and floret 
served to compare the species of Tripogon and affiliated genera.  On the other hand, the 
lemma micromorphology of most species of Tripogon is unknown.  The result of this 
study is an important contribution to the existing body of literature. 
 
Species of Tripogon, Eragrostiella and Oropetium have solitary terminal racemes (2 – 30 
cm long) that bear 5 – 40 bisexual spikelets.  The spikelets could be overlapping, 
partially overlapping, or not overlapping along the rhachis (tip to base).  These 
character states are all observed in the multiple accessions of T. loliiformis.  The 
spikelets of Eragrostiella are always overlapping, whereas those of Oropetium are not 
overlapping.    The two glumes in each spikelet are generally shorter than the spikelet, 
except in Oropetium where the glumes are always longer than the florets.  There are 
always more than two florets found in each spikelet, except in Oropetium where only 
two florets are found in each spikelet.  There are 1 – 3 anthers in all taxa studied.  The 
lemma could have one or three awns in Tripogon, with only one found in all accessions 
of T. loliiformis.  Eragrostiella and Oropetium do not have lemmatal awns.  The median 
awn (projecting out of the middle lemma vein) is usually longer than the lemma, but is 
also found to be shorter than the lemma in some.  The lemma micromorphology is 
uniform across all accessions studied.  The middle surface of the lemma is dominated by 
long cells that has deeply undulating (Ω-shaped) anticlinal walls.  Crescent-shaped short 
cells, identified as cork cells through Sudan IV staining, are usually found in between 
long cells.  Rows of stomata are found along the border of the lemma veins.  These 
stomata are surrounded by subsidiary cells that are triangular in shape.  The bicellular 
micro-hairs are interspersed on rows of long and short cells. The micro-hair is of the 
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chloridoid type, that is, it has a short basal cell that is sometimes not visible and an 
equally short distall cell  that is usually collapsed in the specimens examined.   
 
This study shows that species of Tripogon vary in features of the spikelet (number, 
length and degree of overlap), features of the glumes (lengths relative to the upper and 
lower glume and relative to the spikelet length, shapes and apex), number of florets, 
number of anthers, features of the lemma (shape, length, width), features of the 
lemmatal awns (length relative to the lemma and number), shape of the apex of the 
distal cell in the micro-hair.  The multiple accessions of T. loliiformis show the same 
variability that is exhibited across the species of Tripogon, except for the number and 
length of the lemmatal awns and the shape of the apex of distal cell in micro-hairs.  The 
variability in T. loliiformis seems correlated to geographic location.  As species of 
Tripogon exhibit remarkable morphological variation, it is possible that variability in 
characters observed in T. loliiformis could be observed in other species of Tripogon, if 
multiple accessions of these species are investigated.  Eragrostiella exhibits similar 
inflorescence morphology as Tripogon, except for the lack of lemmatal awn.  Oropetium 
exhibits similar inflorescence morphology as Tripogon, except for presence of only two 
florets in the spikelet and the length of the glumes that are always longer than the 
spikelet.  All the variable reproductive morphological characters of the taxa studied are 
potentially taxonomically informative.  
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Table 3.1.  Taxa used, details of vouchers, and inflorescence morphology data obtained.  
(Note: Asterisks* in T. loliiformis denote syntypes).  
Species Voucher  Locality  Inflorescence 
morphology data 
obtained 
(A=gross 
morphology; 
B=lemma 
micromorphology) 
T. bromoides  D. Clayton 5460 (CANB) Asia (Sri Lanka) A, B 
F.M. Jarrett HFP 1078 (BRI) Asia (India) A 
 
T. capillatus  FM Jarrett, C Saldanha, TP 
Ramamoorthy (MO) 
 
Asia (India) A 
T. chinensis S.R. Liu 1997 (MO) Asia (China) A 
 
T. curvatus  MG Gilbert, Ensermu K & K 
Vollesen 7660 (MO) 
 
Africa (Ethiopia) A 
T. ekmanii  Columbus 4854 (RSA) South America A 
 
T. filiformis Fabillo 040 (BRI) Asia (India) A, B 
 
T. jacquemontii  Fabillo 041 (BRI) Asia (India) A, B 
 
T. leptophyllus  J.J.F.E. De Wilde & M.G. 
Gilbert 252 (MO) 
 
Africa (Ethiopia) A 
T. lisboae  Fabillo 042 (BRI) Asia (India) A, B 
 
T. loliiformis  Atkinson       JA 84 (PERTH) Australia (Paraburdoo, 
Western Australia) 
 
A 
 Bean 27416 (BRI) Australia (WNW of 
Bollon, Queensland) 
 
A 
 Bean 29740 (BRI) Australia (State Forest 
south of Wyaga, 
Darling Downs, 
Queensland) 
 
A 
 Bean 30064 (BRI) Australia (Plevna 
Downs W of Eromanga, 
Gregory South, 
Queensland) 
 
 
A, B 
78 
 
Species Voucher  Locality  Inflorescence 
morphology data 
obtained 
(A=gross 
morphology; 
B=lemma 
micromorphology) 
 
    
T. loliiformis  Beauglehole 82650 (MEL) Australia (Terrick, 
Terrick State Park, 
Victoria) 
 
A, B 
 Brennan 9216 (DNA) Australia (Tennant 
Creek, Northern 
Territory) 
 
A 
 Columbus 5092 (BRI) Australia (Moreton, 
Queensland) 
 
A 
 Columbus 5164 (RSA) Australia (Queensland) A 
 
 Columbus 5165 (RSA) Australia (Queensland) A 
 
 Crawford 6040 (CANB) Australia (Michelago, 
Byrne’s Plains, 
Southern Tablelands, 
New South Wales) 
 
A 
 Crawford 7368 (CANB) Australia (Riverview, 
2.5 km N of Bredbo 
Post Office, New South 
Wales) 
 
A 
 Cumming 24014 (BRI) Australia (Little Star 
River, Townsville, 
North Kennedy, 
Queensland) 
 
A 
 E. Bowman (MEL104178)* Australia (Queensland) A 
 
 E. Bowman (MEL104181)* Australia (Queensland) A 
 
 E. Bowman (MEL104182)* Australia (Queensland) A, B 
 
 E. Bowman (MEL104183)* Australia (Herbert’s 
Creek, Queensland) 
 
 
 
A, B 
Table 3.1.  Continued. 
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Species Voucher  Locality  Inflorescence 
morphology data 
obtained 
(A=gross 
morphology; 
B=lemma 
micromorphology) 
 
T. loliiformis E. Bowman (MEL626902)* Australia (Gracemere, 
Queensland) 
 
A 
 E. Bowman (MEL)* Australia (Walloom, 
Queensland) 
 
A 
 Eddie 1549 (BRI) Australia (South Flat 
paddock, NNE Roma, 
Maranoa, Queensland) 
 
A, B 
 Fabillo 001 (BRI) Australia (south of Mt 
Magnet, 29.5 km north 
of Paynes Find), 
Western Australia) 
 
A, B 
 Fabillo 002 (BRI) Australia (Great 
Northern Highway, 13 
km west of Paynes 
Find) 
 
A 
 Fabillo 003 (BRI) Australia (The Granites, 
Mt Magnet, Western 
Australia) 
 
A, B 
 Fabillo 004 (BRI) Australia (5 km from  
Petrudor Rocks, 17 km 
south of Kalannie, 
Western Australia) 
 
A 
 Fabillo 005 (BRI) Australia (Petrudor 
Rocks, Kalannie, 
Western Australia) 
 
A 
 Fabillo 006 (BRI) Australia (5 km west of 
Burakin, on Hospital 
Road, Western 
Australia) 
 
A, B 
  Fabillo 007 (BRI) Australia (East of 
Wongan Hills, on 
Hospital Road, Western 
Australia) 
A 
Table 3.1.  Continued. 
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Species Voucher  Locality  Inflorescence 
morphology data 
obtained 
(A=gross 
morphology; 
B=lemma 
micromorphology) 
 
T. loliiformis  Fabillo 008 (BRI) Australia (10.5 km from 
intersection of Hospital 
Road and Kokadine 
West, Western 
Australia) 
 
A 
 Fabillo 009 (BRI) Australia (2.8 km west 
of Kellerberin, Western 
Australia) 
 
A 
 Fabillo 010 (BRI) Australia (Danberrin 
Rock, 10 km south of 
Nungarin, Western 
Australia) 
 
A 
 Fabillo 011 (BRI) Australia (Close to 
Karomin Rock, on the 
Nungarin-Karomin 
Road, Western 
Australia) 
 
A 
 Fabillo 012 (BRI) Australia (Talgomine 
Reserve/Mt Moore, 
Talgomine, Western 
Australia) 
 
A 
 Fabillo 013 (BRI) Australia (Eaglestone 
Rock, 21 km NE of 
Nungarin, Western 
Australia) 
 
A 
 Fabillo 014 (BRI) Australia (Karomin 
Rock, Kellerberin, 
Western Australia) 
 
A 
 Fabillo 015 (BRI) Australia (48.6 km from 
Mukinbudin, on Ogilvie 
Road, Western 
Australia) 
 
 
 
A 
Table 3.1.  Continued. 
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Species  Locality  Inflorescence 
morphology data 
obtained 
(A=gross 
morphology; 
B=lemma 
micromorphology) 
 
T. loliiformis  Fabillo 016 (BRI) Australia (Cunderdin 
Road, 350 m from 
Mukinbudin, Western 
Australia) 
 
A 
 Fabillo 018 (BRI) 
 
 
Australia (Elachbutting 
Rock, Westonia, 
Western Australia) 
 
A 
 Fabillo 019 (BRI) Australia 
(Yaneymooning Nature 
Reserve, Western 
Australia) 
 
A 
 Fabillo 020 (BRI) Australia (Totadgin 
Nature Reserve, 12 km 
from Merredin, 
Western Australia) 
 
A 
 Fabillo 021 (BRI) Australia (Bruce Rock, 
Western Australia) 
 
A, B 
 Fabillo 022 (BRI) Australia (6.2 km from 
Bruce Rock Narembeen 
Road, Western 
Australia) 
 
A 
 Fabillo 023 (BRI) Australia (Across 
Burges Spring Reserve, 
North Kellerberrin, 
Western Australia) 
 
A, B 
 Fabillo 024 (BRI) Australia (Yorkrakine 
Road, Western 
Australia) 
 
A 
 Fabillo 025 (BRI) Australia (Yorkrakine 
Rock, Yorkrakine, 
Western Australia) 
 
 
 
A, B 
Table 3.1.  Continued. 
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Species Voucher  Locality  Inflorescence 
morphology data 
obtained 
(A=gross 
morphology; 
B=lemma 
micromorphology) 
 
T. loliiformis  Fabillo 026 (BRI) Australia (Across 
Dangore State Forest, 
Queensland, Australia) 
 
A, B 
 Fabillo 027 (BRI) Australia (Wildhorse 
Mountain, Queensland) 
 
A, B 
 Fabillo 028 (BRI) Australia (near Little 
Morrow Creek, 
Queensland) 
 
A, B 
 Fabillo 029 (BRI) Australia (Mount 
Peregian, Queensland) 
 
A, B 
 Fabillo 030 (BRI) Australia (Cecil Plains, 
Queensland) 
 
A 
 Fabillo 031 (BRI) 
 
 
 
Australia (Idalia 
National Park, 
Queensland) 
A 
 Fabillo 036 (BRI) Australia 
(Auchmeddan, near 
Thoona  north east, 
Victoria) 
 
A, B 
 Fabillo 037 (BRI) Australia (Stanthorpe, 
Queensland) 
 
A 
 Fabillo 110 (BRI) Australia (Myall 
National Park, 
Queensland) 
 
A 
 Fensham 5427 (BRI) Australia (Yelarbon 
area, Darling Downs, 
Queensland) 
 
A 
 Forster 35739 (BRI) Australia (Mariala 
National Park, 
Warrego,Queensland) 
 
 
A 
Table 3.1.  Continued. 
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Species Voucher  Locality  Inflorescence 
morphology data 
obtained 
(A=gross 
morphology; 
B=lemma 
micromorphology) 
 
T. loliiformis Hosking 3692 (BRI) Australia (Moonbi 
Ranges, New South 
Wales) 
 
A, B 
 J. Drummond (MEL626896)* Australia (Western 
Australia) 
 
A, B 
 J. Drummond (MEL626899)* Australia (Western 
Australia) 
 
A, B 
 Lang and N.R. Neagle 
BS719-308 (AD) 
Australia (West Mt Hut, 
South Australia) 
 
A 
 Latz 17361 (NT) Australia (MacClarke 
Conservation Reserve, 
Northern Territory) 
 
A 
 Latz 17375 (NT) Australia (5 km East 
Mereenie Oilfield 
Basecamp, Northern 
Territory) 
A 
 Latz 20029 (NT) Australia (Western Mt. 
Riddock Station, 
Northern Territory) 
 
A 
 Latz 20165 (NT) Australia (Northern 
Territory) 
 
A 
 Latz 21803 (NT) Australia (Mt Caroline, 
Northern Territory) 
 
A 
 Latz 23594 (DNA) 
 
 
 
Australia (40 km WNW 
of Kalamuria Hstd., 
South Australia) 
A 
  Latz 24557 (DNA) Australia (60 km west 
of Ernabella, Musgrave 
Ranges, South 
Australia) 
 
 
 
A 
Table 3.1.  Continued. 
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Species Voucher  Locality  Inflorescence 
morphology data 
obtained 
(A=gross 
morphology; 
B=lemma 
micromorphology) 
 
T. loliiformis Latz 24921 (DNA) Australia (7 km east of 
Mimili, South 
Australia) 
 
A, B 
 Latz 25798 (DNA) Australia (MacClarke 
Conservation Reserve, 
Northern Territory) 
 
A 
 Latz 26342 (NT) Australia (Mt Hostie, 
Northern Territory) 
 
A 
 Latz 26924 (NT) Australia (Mt 
Etingimbra, Northern 
Territory) 
 
A 
 Leicchardt  (MEL 104177) * Australia (Moreton’s 
Bay, Queensland) 
 
A 
 Leicchardt (MEL 626898)* Australia (Charley’s 
Creek, Queensland) 
 
A 
 Leicchardt (MEL 626901)* Australia (Charley’s 
Creek, Queensland) 
 
A, B 
 Neagle and Graham BS612-9 
(AD) 
Australia (Lake Eyre, 
South Australia) 
 
A 
 O’Shannesy (MEL 626897)* Australia 
(Rockhampton, 
Queensland) 
 
A, B 
 Palmer 299 (CANB) Australia (Pine Lodge, 
New South Wales) 
 
A 
 Palmer 310 (CANB) Australia (Trafalgar 
Station, New South 
Wales) 
 
A 
 Phillips 2107 (BRI) Australia (Bare Rock, 
Queensland) 
 
 
A 
Table 3.1.  Continued. 
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Species Voucher  Locality  Inflorescence 
morphology data 
obtained 
(A=gross 
morphology; 
B=lemma 
micromorphology) 
 
T. loliiformis van Leeuwen 1125 (PERTH) Australia (West 
Angelas Hill, Mt 
Meharry, Western 
Australia) 
 
A 
 Williams 001 (BRI) Australia(Charleville, 
Queensland) 
 
A, B 
 Womersley (BRI) Asia (Rouna Falls, 
Sogeri,  New Guinea) 
 
A 
T. major  R.E. Gereau & C.J. Kayombo 
4019 (MO) 
 
Africa (Tanzania) A 
T. minimus Jens Elgaard Madsen 5569 
(MO) 
 
Africa (Burkina Faso) A, B 
T.  montanus  Wood 2912 (BRI) Africa (Yemen) A, B 
 
T.  multiflorus  J.R. Maconochie3628 
(CANB) 
 
Africa (Qatar) A, B 
T. nanus D.E. Boufford, B. 
Bartholomew, C.Y. Chen, 
M.J. Donoghe, R.H. Ree, H. 
Sun & S.K. Wu 28865 (MO) 
 
Asia (China) A, B 
T.  purpurascens R. Spellenberg 7438 (MO) Africa (Yemen) A, B 
 
T. spicatus Peterson15690 and  R Soreng 
(MO) 
 
America (Chile) A, B 
T.  trifidus  Simon Laegaard and M. 
Norsangsri (MO) 
 
Asia (Thailand) A, B 
T. wardii D.E. Boufford, J.H. Chen, 
S.L. Kelley, J. Li, R.H. Ree, 
H. Sun, J.P. Yue & Y.H. 
Zhang (MO)  
 
 
 
Asia (Tibet) A 
Table 3.1.  Continued. 
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Species Voucher  Locality  Inflorescence 
morphology data 
obtained 
(A=gross 
morphology; 
B=lemma 
micromorphology) 
 
Affiliated 
Species 
   
Eragrostiella 
bifaria 
 
Cumming 24435 (BRI) Australia (Queensland) A, B 
Oropetium 
capense 
Smook 6895 (BRI) Africa (South Africa) A, B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.1.  Continued. 
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Table 3.2. Summary of reproductive morphological characters investigated, variability 
between species of Tripogon and between multiple accessions of T. loliiformis, similarity of 
affiliated genera to Tripogon, and taxonomic utility of inflorescence structure. (A character 
was considered variable between species of Tripogon or between multiple accessions of T. 
loliiformis if more than one character states are observed, and uniform if only one state is 
observed; affiliated genera were considered similar to Tripogon if the character state it 
exhibits for a character is observed within Tripogon; a character was considered potentially 
taxonomically informative if it is variable in some taxa observed). 
Reproductive characters Variability 
between 
species of 
Tripogon  
(uniform 
vs. 
variable) 
Variability 
between 
multiple 
accessions of 
T. loliiformis  
(uniform vs. 
variable) 
Similarity of 
affiliated genera to 
Tripogon (similar vs. 
not similar) 
 
Potential 
taxonomic 
utility 
(informative 
vs. not 
informative) 
MORPHOLOGY OF THE INFLORESCENCE AND SPIKELET 
 
Length of inflorescence Variable Variable Similar Informative 
     
Length of spikelet (tip, middle, 
base of inforescence)-3 
separate characters 
 
Variable Variable Similar Informative 
Degree of overlap of spikelet 
(tip, middle, base of 
inflorescence)-3 separate 
characters 
 
Variable Variable Similar Informative 
Number of florets Variable Variable Similar in 
Eragrostiella bifaria; 
Not similar in 
Oropetium capense 
 
Informative 
Length of glumes relative to 
each other 
Uniform Uniform Similar in 
Eragrostiella bifaria; 
Not similar in 
Oropetium capense 
 
Informative 
Length of glumes relative to 
the spikelet 
Uniform Uniform Similar in 
Eragrostiella bifaria; 
Not similar in 
Oropetium capense 
 
Informative 
Shape of the lower glume Variable Variable Similar Informative 
     
Shape of the lower glume apex Variable Variable Similar Informative 
     
Shape of the upper glume Variable Variable Similar Informative 
     
Shape of the upper glume apex Variable Variable Similar Informative 
     
Length of lemma Variable Variable Similar Informative 
     
Number of lemmatal awns Variable Variable Not similar  Informative 
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Reproductive characters Variability 
between 
species of 
Tripogon  
(uniform 
vs. 
variable) 
Variability 
between 
multiple 
accessions of 
T. loliiformis  
(uniform vs. 
variable) 
 
Similarity of 
affiliated genera to 
Tripogon (similar vs. 
not similar) 
 
Potential 
taxonomic 
utility 
(informative 
vs. not 
informative) 
MORPHOLOGY OF THE FLORET 
 
Length of median awn relative 
to the length of the lemma 
Variable Uniform Not similar Informative 
     
Shape of lemma Variable Uniform Similar Informative 
     
Length of lemma Variable Variable Similar Informative 
     
Width of lemma Variable Variable Similar Informative 
     
Number of anthers Variable Uniform Similar Informative 
     
LEMMA MICROMORPHOLOGY 
 
 
Long cell outline 
 
 
Uniform Uniform Similar Not 
informative 
Short cell: cork cell shape Uniform Uniform Similar Not 
informative 
     
Short cell: silica cell shape Variable Uniform Not similar Informative 
     
Stomata: shape of subsidiary 
cells 
Uniform Uniform Similar Not 
informative 
 
Shape of micro-hair Uniform Uniform Similar Not 
informative 
 
Presence of macro-hair Uniform Uniform Similar Not 
informative 
 
 
Table 3.2.  Continued. 
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Table 3.3.  Variation in inflorescence, spikelet and glumes of Tripogon and affiliated genera.  
Species Inflorescence 
length (cm) 
Spikelet 
length  (mm) 
and relative 
size based on 
location in the 
inflorescence 
Spikelet 
overlap  
Spikelet 
shape  
Glume 
length in 
relation 
to 
spikelet 
Lower and 
upper glume 
length 
Lower 
glume 
shape 
Lower 
glume 
apex 
Upper 
glume 
shape 
Upper 
glume 
apex 
T.  bromoides 9  
 
8-12 cm 
(longest at the 
base) 
not 
overlapping 
to 
overlapping 
oblong shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate dentate elliptic dentate 
T.  capillatus 25 4-6 (longest at 
the middle) 
not 
overlapping 
lanceolate shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate acuminate lanceolate acuminate 
T.  chinensis 10 2-6 longest at 
the middle) 
not 
overlapping 
to 
overlapping 
elliptic shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate acute lanceolate acuminate 
T.  curvatus 13 6-7 longest at 
the middle 
not 
overlapping 
to 
overlapping 
lanceolate shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
ovate obtuse oblong obtuse 
T.  ekmanii 15 3-9 (longest at 
the middle) 
not 
overlapping 
to 
overlapping 
lanceolate shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate acuminate elliptic acuminate 
T.  filiformis 23 3-6 (longest at 
the middle) 
not 
overlapping 
to 
overlapping 
oblong shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate obtuse lanceolate dentate 
T.  jacquemontii 25 8-35 (longest 
at the middle) 
not 
overlapping 
linear shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate dentate oblong truncate 
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Species Inflorescence 
length (cm) 
Spikelet 
length  (mm) 
and relative 
size based on 
location in the 
inflorescence 
 
Spikelet 
overlap  
Spikelet 
shape  
Glume 
length in 
relation 
to 
spikelet 
Lower and 
upper glume 
length 
Lower 
glume 
shape 
Lower 
glume 
apex 
Upper 
glume 
shape 
Upper 
glume 
apex 
T.  leptophyllus 14 3-11 (longest 
at the base) 
overlapping oblong shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate obtuse lanceolate acuminate 
T.  lisboae 30 4-10 (longest 
at the middle) 
not 
overlapping 
oblong shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate acuminate elliptic acuminate 
T. loliiformis  2-22 2-17 (longest 
at the middle, 
tip or base) 
Overlappin
g, not 
overlapping
, not 
overlapping 
to 
overlapping 
Oblong, 
elliptic, 
liner, 
lanceolate 
shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume, 
equal 
lanceolate
, oblong 
Acute, 
acuminate 
lanceolate
, linear 
Acute, 
acuminate 
T.  major  25 6-10 (longest 
at the middle) 
not 
overlapping 
to 
overlapping 
elliptic shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
linear obtuse oblong acuminate 
T.  minimus  6 3-4 (longest at 
the tip) 
not 
overlapping 
to 
overlapping 
elliptic shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate acute elliptic acute 
T.  montanus 10 4-6 (longest at 
the middle) 
not 
overlapping 
to 
overlapping 
lanceolate shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
linear acute linear acute 
Table 3.3.  Continued. 
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Species Inflorescence 
length (cm) 
Spikelet 
length  (mm) 
and relative 
size based on 
location in the 
inflorescence 
 
Spikelet 
overlap  
Spikelet 
shape  
Glume 
length in 
relation 
to 
spikelet 
Lower and 
upper glume 
length 
Lower 
glume 
shape 
Lower 
glume 
apex 
Upper 
glume 
shape 
Upper 
glume 
apex 
T.  multiflorus 20 5-25 (longest 
at the middle) 
overlapping linear shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate acute elliptic acute 
T.  nanus 7 4-6 (longest at 
the middle) 
overlapping elliptic shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
linear acute lanceolate acuminate 
T.  
purpurascens 
8 3-4 (longest at 
the middle and 
base) 
not 
overlapping 
to 
overlapping 
linear shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
linear acute lanceolate acute 
T.  spicatus  11 4-5 (longest at 
the middle and 
base) 
not 
overlapping 
to 
overlapping 
lanceolate shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate acuminate lanceolate acuminate 
T.  trifidus 14 15-18 (longest 
at the base) 
overlapping oblong shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
lanceolate acuminate lanceolate dentate 
T.  wardii 12 8-9 (longest at 
the middle and 
base) 
not 
overlapping 
to 
overlapping 
lanceolate shorter 
than 
spikelet 
upper glume is 
longer than 
lower glume 
oblong acute lanceolate acute 
Affiliated 
Species 
                   
Eragrostiella 
bifaria 
20 6-20 (longest 
at the middle) 
overlapping oblong shorter 
than 
spikelet 
lower glume is 
longer than 
upper glume 
lanceolate acute oblong acute 
Table 3.3.  Continued. 
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Species Inflorescence 
length (cm) 
Spikelet 
length  (mm) 
and relative 
size based on 
location in the 
inflorescence 
 
Spikelet 
overlap  
Spikelet 
shape  
Glume 
length in 
relation 
to 
spikelet 
Lower and 
upper glume 
length 
Lower 
glume 
shape 
Lower 
glume 
apex 
Upper 
glume 
shape 
Upper 
glume 
apex 
Oropetium 
capense 
7 2-4 (longest at 
the middle) 
not 
overlapping 
lanceolate longer 
than 
spikelet 
equal oblong truncate lanceolate acute 
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Table 3.4.  Variation in florets and anthers of Tripogon and affiliated genera.  
Species No. of florets 
in the 
spikelet 
No.  of 
anthers 
Lemma 
midvein  
No. of 
lemmatal 
awns  
Median awn 
length 
Lemm
a shape 
Lemma 
length 
(mm) 
Lemma 
width 
(mm) 
T.  bromoides more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
elliptic 4 1 
T.  capillatus more than 2 3 extended into 
an awn 
1 longer than 
the lemma 
oblong 4 0.8 
T.  chinensis more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
oblong 3.5 1.8 
T.  curvatus more than 2 2 extended into 
an awn 
3 shorter than 
the lemma 
elliptic 2.9 1.2 
T.  ekmanii more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
elliptic 4 1 
T.  filiformis more than 2 1 extended into 
an awn 
3 longer than 
the lemma 
elliptic 3 1.8 
T.  jacquemontii more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
ovate 2 1.5 
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Species No. of florets 
in the 
spikelet 
No.  of 
anthers 
Lemma 
midvein  
No. of 
lemmatal 
awns  
Median awn 
length 
Lemm
a shape 
Lemma 
length 
(mm) 
Lemma 
width 
(mm) 
T.  leptophyllus more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
ovate 3 1 
T.  lisboae more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
ovate 5 2 
T. loliiformis  more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
elliptic 1.5 – 5  0.5 – 2.5 
T.  major  more than 2 2 extended into 
an awn 
1 shorter than 
the lemma 
elliptic 7 1.8 
T.  minimus  more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
elliptic 1.6 0.8 
T.  montanus more than 2 3 extended into 
an awn 
3 shorter than 
the lemma 
elliptic 1 0.5 
T.  multiflorus more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
elliptic 4 1.5 
T.  nanus more than 2 1 extended into 
an awn 
1 shorter than 
the lemma 
elliptic 4 0.8 
Table 3.4.  Continued. 
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Species No. of florets 
in the 
spikelet 
No.  of 
anthers 
Lemma 
midvein  
No. of 
lemmatal 
awns  
Median awn 
length 
Lemm
a shape 
Lemma 
length 
(mm) 
Lemma 
width 
(mm) 
T.  purpurascens more than 2 3 extended into 
a mucro 
1 shorter than 
the lemma 
elliptic 2 0.8 
T.  spicatus Columbus 3108 more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
ovate 2.5 0.5 
T.  spicatus Columbus 4992 more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
ovate 2 1 
T.  trifidus more than 2 3 extended into 
an awn 
3 longer than 
the lemma 
elliptic 5 0.5 
T.  wardii more than 2 3 extended into 
an awn 
1 shorter than 
the lemma 
elliptic 4 0.6 
Affiliated Species                 
Eragrostiella bifaria more than 2 3 present but 
does not 
extend out of 
the lemma tip 
absent absent ovate 2.5 1.6 
Oropetium capense 2 3 extended into 
a mucro 
absent absent elliptic 2 1 
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Figure 3.1. Structure of the inflorescences and spikelets in A – B) 
Tripogon jacquemontii, C – D) Eragrostiella bifaria, and E – F) 
Oropetium capense.  (Note: Vouchers used: A – B) Fabillo 041 
(BRI), C – D) Columbus 5770 (RSA), E – F) Smook 6895 (BRI).  
Scale bars: A, C, E) 1 cm, B, D, F) 5 mm). 
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Figure 3.2. Stereo micrographs showing variation in reproductive features of 
Tripogon loliiformis. A – C) Inflorescences showing differences in length and degree 
of overlap of spikelets; D – F) spikelets showing differences in size and shape; G – I) 
florets showing differences in shape, size and features of the lemma.  (Note: 
Vouchers used: A, D&G) Bean 29570 (BRI), B, E & F) Forster 35739 (BRI) and C, F & 
I) Fabillo 003 (BRI). 
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Figure 3.3. The distribution of the different morphological forms of Tripogon 
loliiformis across its geographic range in Australia.  Source of data: Australia’s Virtual 
Herbarium 2014. 
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Figure 3.4.  Scanning electron micrographs showing long cells with 
omega-shaped anticlinal walls and cork cells that are crescent-shaped.  
A) Asian species, T. filiformis with collapsed cork cells, B) American 
species, T. spicatus with collapsed cork cells, C) Australian species, T. 
loliiformis with collapsed cork cells, D) T. loliiformis with uncollapsed 
cork cells, E) Eragrostiella bifaria, F) Oropetium capense  (Note: 
Vouchers used: A) Fabillo 040-BRI, B) Madsen 5569-MO, C) Latz 
17361-NT, D) Fabillo 001-BRI, E) Cumming 24435-BRI, Columbus 
5463-RSA.   Abbreviations: CC – cork cell, LC – long cell, Mi – micro-
hair.   Scale bars=10 µm). 
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Figure 3.5.  Scanning electron micrographs showing 
stomata with triangular subsidiary cells.  A) 
Australian species, T. loliiformis, showing rows of 
stomata at the border of the lemma vein, B) Asian 
species, T. purpurascens, C) T. loliiformis, D) 
Eragrostiella bifaria, E) Oropetium capense  (Note: 
Vouchers used: A) Fabillo 027-BRI, B) Spellenberg 
7348-MO,  D) Cumming 24435-BRI, E) Columbus 
5464-RSA.  Abbreviation: CC – cork cell, LC – long cell, 
LV – lemma vein, St – stomata, Su – subsidiary cell.  
Scale bars=10 µm). 
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Figure 3.6.  Scanning electron micrographs showing the bicellular 
micro-hair.  A) Australian species, T. loliiformis, showing the 
distribution of micro-hairs on the lemma, B) Asian species, T. 
filiformis, C) T. trifidus. (Note: Vouchers used: A) Fabillo 027 (BRI), 
B) Fabillo 040 (BRI), C) Hoshino et al. (MO).  Abbreviation: BS – 
basal cell, CC – cork cell, DC – distal cell, LC – long cell, LV – lemma 
vein, Mi – micro-hair, St – stomata, Su – subsidiary cell.  Scale 
bars=10 µm). 
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CHAPTER 4: Phylogenetic Relationships of Tripogon 
and Affiliated Genera 
 
This chapter contains the investigation that addresses the third aim of the research 
project.   The aim of the investigation is to reconstruct the phylogenetic relationships in 
Tripogon and affiliated genera using molecular and morphological data. 
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4.1. Introduction 
Tripogon is a genus of 45 semi-perennial and perennial grasses.  These plants, which are 
distributed in wide ranging habitats in Africa, America, Asia and Australia, exhibit 
remarkable similarities in vegetative structure among species and infraspecific 
variation in reproductive structure (Phillips and Launert 1971; Phillips and Chen 2002; 
Newmaster et al. 2008).   
 
The sole Australian species, T. loliiformis, exhibits morphological variability, leading 
some to suggest that it could be multiple species (e.g., Nicolson 1978 as cited in Gaff 
1981; Palmer and Weiller 2005).  Tripogon loliiformis, especially those coming from the 
eastern side of Australia, resembles the American species, T. spicatus,  in inflorescence 
morphology and leaf micromorphology (Rúgolo de Agrasar and Vega 2004), leading some to 
suggest that this eastern group of T. loliiformis “appears to have affinities with T. 
spicatus” (Palmer and Weiller 2005, p. 423).  Tripogon spicatus also resembles the 
African species, T. minimus, in gross morphology, leaf anatomy and some features of leaf 
and lemma micromorphology (Rúgolo de Agrasar and Vega 2004).   
 
To date, no one has undertaken a genus-wide phylogenetic study of Tripogon.  However, 
there are two phylogenetic studies at higher levels (subfamily Chloridoideae and family 
Poaceae) that have included a limited number (1 – 2) of species of Tripogon as 
representatives of the genus.  Phylogenetic analyses of the subfamily Chloridoideae 
based on chloroplast (ndhF, rps3, rps16) and nuclear (ITS) DNA regions and including 
two species of Tripogon (T. spicatus from America and T. yunnanensis from Asia) 
indicated that the genus is not monophyletic. Eragrostiella (represented by two 
resurrection species, E. leioptera and E. bifaria) is nested within Tripogon (Peterson et 
al. 2010).  A phylogenetic study of the family Poaceae using chloroplast (ndhF, trnL-F) 
and nuclear (ITS) regions, and including one species of Tripogon (T. minimus from 
Africa), indicated that Tripogon and Oropetium (O. capense) form a monophyletic group 
that is sister to Melanocenchris (M. abyssinica) (Grass Phylogeny Working Group II 
2011).  The limited and varying taxon sampling in the phylogenetic studies mentioned 
above indicate the possibility of Eragrostiellla and/or Oropetium being sister to or 
nested within Tripogon. 
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The morphological variation and similarities that indicate the affiliation of some species 
of Tripogon and the putatively close but uncertain relationship of Tripogon to 
Eragrostiella and Oropetium indicate the need for a genus-level phylogenetic study of 
Tripogon.  The aim of this investigation is to reconstruct the phylogenetic relationships 
in Tripogon and affiliated genera using molecular and morphological data.  Special 
reference to the Australian species, T. loliiformis was made by including multiple 
accessions of the species.   
 
4.2. Materials and Methods 
Taxonomic sampling  
Eighty six accessions (representing 12 species of Tripogon from across its geographic 
range, three species of Eragrostiella, two species of Oropetium and 70 accessions of T. 
loliiformis from across its geographic range) were sampled in this study (Table 4.1).  
Leaf samples were obtained from herbarium specimen collections and from field-
collected ex-situ potted plants grown at Queensland University of Technology, 
Queensland, Australia (Table 4.1).  Due to the lack of suitable leaf material (e.g., amount, 
age), many of the species of Tripogon could not be sampled for any of the molecular data 
sets. 
 
Outgroup selection was based on higher level phylogenetic studies of grasses involving 
Tripogon.  Outgroups included representatives from some of the major tribes in the 
subfamily Chloridoideae namely Centropodieae, Cynodonteae, Eragrostideae and 
Zoysieae (Columbus et al. 2007; Peterson et al. 2010); subfamily Danthonioideae, sister 
to Chloridoideae; and subfamily Panicoideae, the most distant relative in a big clade of 
grass subfamilies (PACMAD) that includes Chloridoideae (Grass Phylogeny Working 
Group II 2011). 
 
Morphological data set 
Potentially taxonomically informative morphological characters observed throughout 
Tripogon and affiliated genera, Chloridoideae and the PACMAD clade were scored.  Data 
were derived partly from the literature and partly from my own observations.  As a 
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starting point, vegetative and reproductive characters for Tripogon and affiliated genera  
found in Chapters 2 – 3 of the thesis and those from Watson and Dallwitz (1992 
onwards), Columbus (1998) and Clayton et al. (2006 onwards) were used.  A total of 47 
characters were compiled in Mesquite v.3.0 (Maddison and Maddison 2001).  A 
summary of all characters used and their sources are found in Appendix 2.   
 
Thirty six of the characters compiled were qualitative and eleven were quantitative.  In 
an attempt to define systematically valid states quantitative characters were converted 
into discrete characters.  The conversion was done following the method described in 
Lutzoni and Brodo (1995), also applied by Fernández-Brime et al. (2013), using the 
program R version 3.10.  First, an analysis of variance was performed to determine 
whether the characters were variant or invariant.  These characters, which turned out 
to be variant, were further subjected to Tukey’s Honestly Significant Difference test for 
pairwise comparisons of means.  Test statistic probabilities were used to determine the 
character state for all quantitative characters (Appendix 2).  
 
Besides using the entire 47 characters for analyses (morph data set), subsets were also 
considered.  For instance, a morphological data set that excluded simple measurements 
(e.g., length, width) (morphquali data set) was analysed. Characters related to ratios 
representing shapes and relative sizes were previously found to be more reliable than simple 
measurements.  These characters also meet the criteria of high genotypic variability and low 
plasticity (Davis 1983).   Data sets involving reproductive characters only (morphrep) and 
vegetative characters only were also analysed (Table 4.3).   
 
Other characters that were examined but not included based on the justification of character 
selection (i.e., high genotypic variability, low plasticity) included density of callus hairs, 
length of caryopsis, length of palea, features of the stamen and pistil, and features of the 
lodicules. While lodicules and palea have been found to be valuable in some studies of grass 
systematics,   these were not scored due to the difficulty of obtaining intact samples from the 
very tiny florets of Tripogon.  Measurements of density of trichomes and stomata on the 
lemma were also avoided as it is known that one challenge in studying the lemma is 
determining the optimal surface for observation.  It is easy to see variation within species and 
even within one lemma from apex, middle and base (Acedo and Llamas 2001).  Other 
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reasons for not including some characters even if these were used in previous studies (e.g., 
the adaxial furrows and ribs for leaf anatomy as used by Rúgolo de Agrasar and Vega 2004 
for the American species of Tripogon) include the difficulty to assign a single state to a 
given accession due to the presence of intermediate forms. 
 
Molecular data sets 
In order to look for substantial variation at infraspecific (within T. loliiformis), 
interspecific (between species of Tripogon) and generic (among Tripogon, Eragrostiella 
and Oropetium) levels, one nuclear ribosomal and two chloroplast DNA regions were 
selected from among the most variable loci used in grass phylogenetics: the nuclear 
ribosomal internal transcribed spacer (ITS); ndhF, a protein coding gene; and the trnL-F 
region, which consists of two adjacent noncoding fragments, the trnL intron and the 
trnL-trnF intergenic spacer.  DNA regions were selected based on their utility in 
recovering phylogenetic relationships in other grass genera (e.g., Columbus et al. 2000; 
Columbus et al. 2007; Bell and Columbus 2008; Peterson et al. 2010).  Other commonly 
used DNA regions in phylogenetic studies of Poaceae (matK and rbcL) were initially 
considered but rejected due to difficulties with amplification, especially for old samples, 
and for the lack of variation.  
 
DNA extraction, amplification and sequencing 
Total genomic DNA was extracted from fresh leaf material, leaves preserved in silica gel 
and herbarium specimens using a modified version of the CTAB extraction ptotocol 
(Doyle and Doyle 1987) according to the protocol used by Columbus et al. (1998). 
Modifications of the CTAB procedure included RNAse treatment and an additional 
ethanol precipitation of 3 – 8 weeks, depending on the age of the sample (Appendix 4).  
A number of extraction methods were explored, especially for older herbarium 
specimens, including Bioline DNA isolation kit and the rapid and inexpensive method by 
Bellstedt et al. (2010).   These methods either yielded poor quality and low quantity of 
DNA or produced DNA that degraded within six months.  The modified CTAB extraction 
protocol consistently produced high quality DNA and subsequent PCR were performed 
on DNA extracted using this method. 
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Most PCR reactions were set up as 21 µl reactions, usually containing 11.25 µl of double 
distilled water, 5 µl of reaction buffer with dNTPs (200mM Tris-HCl, 500mM NH4, 
200mM dNTP), 1 µl (10 µm) each of forward and reverse primers, 1.5 µl of 50mM MgCl2, 
0.25 µl of Taq DNA polymerase (5U/µl) and 1 µl (≥50 ng/ µl) of genomic DNA.   
 
The conditions used for all amplifications are shown in Table 4.2.  Primers used for 
amplification and sequencing of ITS were ITS5a by Stanford et al. (2000) and ITS4 by 
White et al. (1990); for trnLF were c and f of Taberlet et al. (1991); and for ndhF were 
ndhF1311F and ndhF2091R of Romaschenko et al. (2010) (Table 4.2).    
 
Double stranded PCR products were purified using the ISOLATE II PCR and Gel Kit  
(Bioline, Australia) and the purified products were eluted in 20 – 30 µl of Elution Buffer 
C (Bioline, Australia).  Purified PCR products were sent to Macrogen (Seoul, Korea) for 
bidirectional sequencing with the forward and reverse primers used for amplification.  
Sequencing at Macrogen was conducted under BigDyeTM terminator cycling conditions 
and products purified using ethanol precipitation and run using automatic sequencer 
ABI3730XL.  Taxa, voucher information, and GenBank numbers (where applicable) are 
presented in Table 4.1. 
 
Sequence alignment  
Raw sequences were edited and assembled using Geneious v. 5.0.3 (Biomatters).  These 
sequences were initially aligned using default alignment parameters in MAFFT (Katoh 
et al. 2005) as implemented in Geneious v. 5.0.3 (Biomatters).  Further adjustments 
were made manually. Alignments were uploaded to Phylogeny.fr (available at 
http://www.phylogeny.fr/) (Dereeper et al. 2008) and curated in Gblocks to remove 
ambiguously aligned positions and divergent regions (Talavera and Castresana 2007).  
Computerized curation of alignments removes ambiguity due to difficult alignments and 
generally improves statistical support for phylogenetic relationships (Morrison and 
Ellis 1997; Talavera and Castresana 2007).  Gaps were treated as missing data.  
Parsimony-informative insertions or deletions (indels) were scored as binary 
characters following the indel coding method of Simmons and Ochoterena (2000).  
Indels were included at the end of the alignment (Table 4.3).   
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Phylogenetic analyses 
Forty one data sets were used for analyses (Table 4.3).  The creation of the data sets was 
based on four criteria: source of data (molecular vs. morphological); presence of indels 
in the matrix (with indels vs. without indels) combination of data (individual or 
separate vs. combined) and taxon sampling (complete vs. reduced).  These criteria, 
specially the combination of data and taxon sampling, were taken into consideration 
based on some assumptions.   Conducting both combined and separate analyses of data 
sets provides better understanding of sources of phylogenetic signal and noise (Sauquet 
et al. 2003).  Undertaking both analyses also provides sufficient information on the 
confidence we may put on results of studies that are based on combined or single 
analyses (Sauquet et al. 2003).  Combined analysis is suitable specially if separate 
analyses do not provide resolution or strongly supported clades.  The interaction of data 
partitions in a combined analysis provides the possibility of improving support for 
clades that are weakly supported or are not recovered in separate analyses (Nixon and 
Carpenter 1996; Sanderson et al. 1998).   Separate analyses are suitable in cases where 
different data sets reveal conflicting relationships (Pirie et al. 2008).  Including missing 
data in combined analyses has a disadvantage.  The taxa with lots of missing data could 
negatively influence the accuracy of the analyses.  This effect could result in uncertain 
phylogenetic relationships (Sauquet et al. 2013).  On the other hand, the benefit of 
including missing data in combined analyses is that a full representation of taxa is 
important for interpreting results.  Ignoring taxa with missing data may result in 
incorrect interpretaion (Wiens and Reeder 1995; Sauquet et al. 2013).  In some studies, 
a poorly resolved tree generated through maximum taxon sampling is preferred over a 
well-resolved tree that is a result of ignoring missing or problematic data (e.g. Sauquet 
et al. 2013).  Besides, “wildcard” behaviour (Sauquet et al. 2013) in phylogenetic 
analyses does not always occur.  If it does, it is not always caused by missing data solely.   
Factors like homoplasy may also interact (Kearney 2002). 
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All DNA fragments used for this study were first treated individually (with trnL intron 
and trnL-trnF intergenic spacer treated as two separate fragments), resulting in four 
molecular data sets, to which the indel and morphological matrices were added.  These 
four data sets were analysed separately (individual), then in various combinations 
(combined) following a maximum-taxon approach as described by Sauquet et al. (2003).  
When two data sets were combined, any taxon present in one and missing in the other 
was scored as a line of question marks in the data set for which data were missing 
(Sauquet et al. 2003).  All data sets with indels were named by adding a small letter ‘i’ 
after the name (e.g., ndhF = without indels and ndhFi = with indels).   In order to avoid 
confusion, all combined data were named using capital letters (e.g., CHLO = chloroplast 
DNA sequence data; MOL = all DNA sequence data).  Additionally, a reduced sample of 
taxa was prepared for all data sets to limit reconstruction problems associated with taxa 
with large amounts of missing data (due to poor sampling across data sets) and lower 
the effects of sampling heterogeneity on different comparisons among data sets.  Two 
types of reduced sample of taxa were prepared according to two arbitrary criteria. 
Reduced 1 (designated as Red1) applied to combined data sets only, where taxa with 
missing sequence data for an entire DNA region were discarded.  The resulting data sets 
included 46 accessions for all combined data sets.  Reduced 2  (designated as Red2) 
applies to both individual and combined data sets, where the number of accessions for 
T. loliiformis was reduced by excluding identical sequences and those with missing data, 
and including only those that represent the syntypes (close geographic location with the 
syntypes) and the accession from New Guinea.  The resulting data sets included 35 
accessions for ITS, 33 for ndhF, 31 for trnL intron, 30 for trnL-F spacer and 38 for all 
combined data sets.   All data sets with no discarded taxa were referred to as complete 
(comp) (Table 4.3). 
 
Maximum parsimony (MP) analyses were performed using PAUP* version 4.0b10 
(Swofford 2002). All characters and substitutions were weighted equally.  A heuristic 
search strategy was implemented with 1000 replicates using random taxon addition 
sequence, TBR (tree bisection and reconnection) branch swapping, and a maximum of 
50,000 trees per replicate.  Bootstrap support (Felsenstein 1985) was determined with 
1000 replicates using heuristic search options and TBR branch swapping, with the 
maxtree option set at 10,000.   
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Maximum likelihood (ML) analysis was performed using the program RAxML 
(Stamatakis 2006),  invoking a rapid bootstrap (1000 replicates) analysis and search for 
the best-scoring maximum likelihood tree with the general time-reversible model of 
DNA sequence evolution with gamma-distributed rate heterogeneity (GTRGAMMA 
substitution model).  The use of this model was confirmed by the program jModel Test 2 
(Darriba et al. 2012). 
 
Bayesian inference (BI) was conducted using the program MrBayes v3.2 (Ronquist et al. 
2012).  The substitution model was set to GTR with gamma-distributed rate variation 
across sites and a proportion of invariable sites.  This was determined as the best fit 
model by hierarchical likelihood ratio tests using the program jModel Test 2 (Darriba et 
al. 2012).  Indels were coded as separate data partitions for each region.  In the 
combined analyses the appropriate model for each data partition was used and 
parameter values were unlinked.  Analysis was run for 50 million generations and trees 
were sampled every 5000 generations.  The convergence of the MCMC (Markov Chain 
Monte Carlo) run and the adequacy of the ‘burnin’ length were confirmed using the 
program Tracer v1.5 (Rambaut and Drummond 2003).  Based on this, the fraction of the 
sampled values discarded as ‘burnin’ was set at 0.10.   
 
Strict consensus trees from MP and BI were obtained and agreement subtrees for MP 
were viewed using Mesquite v.3.0 (Maddison and Maddison 2011).  Maximum 
likelihood trees were viewed using FigTree (Rambaut 2012).  Bootstrap (BS) values 
from maximum parsimony and maximum likelihood and posterior probabilities (PP) 
from Bayesian inference were used as measures of statistical support.  Bootstrap values 
of 90 – 100 were interpreted as strong support; 70 – 89 as moderate, and 50 – 69 as 
weak.   
 
Morphological character mapping 
The evolution of vegetative and reproductive characters (Table 4.2) was investigated by 
tracing the evolution of these characters onto the final tree topologies that were used to 
infer the phylogenetic relationships in Tripogon and affiliated genera.  The tree 
111 
 
topologies were obtained through maximum parsimony, maximum likelihood and 
Bayesian inference.  The morphological characters were mapped on the tree topologies 
using Mesquite v.3.0 (Maddison and Maddison 2011). The mapping of morphological 
characters was used to elucidate phylogenetic relationships in Tripogon and affiliated 
genera. 
4.3. Results 
Data sets 
Generally, large numbers of equally parsimonious trees (50,000) were obtained from 
maximum parsimony analyses of the individual and combined data sets using complete 
(Comp) or reduced (Red1) taxa and involving molecular (with and without indels) or 
morphological data.  Fewer equally most parsimonious trees were generated from 
molecular or morphological data sets with reduced T. loliiformis sampling (Red2) and 
involving chloroplast and chloroplast + nuclear DNA (with and without indels).  The 
fewest most equally parsimonious trees (26) from among all the data sets analysed 
were found in the combined molecular (with indels) and morphological data sets of 
reduced taxa (MOLiMORPHRed2) (Table 4.3).   
 
Tree topology and node support 
Using molecular data 
The tree topologies obtained from MP, ML and BI using molecular data were very 
similar (with few exceptions), with moderate to strong statistical support for a total of 
17 nodes (Figs. 4.1A, B, D; Figs. 4.2 A – B;  Figs. 4.3A – E; Figs. 4.4B – D; Tables 4.4 – 4.5).  
The difference generally concerned the weaker support for the nodes in the ML trees 
compared to the MP and BI trees (Table 4.5).  Generally, trees from the molecular data 
with indels have more strongly supported nodes compared to those with no indels 
(Table 4.5).   
 
Fairly resolved to unresolved trees from the molecular data sets with Comp taxa 
contained the fewest nodes with moderate to strong support.  Among these trees, 
ITSComp (seven nodes), ndhFiComp (eight nodes) and trnLFspaceriComp (four nodes) 
had more moderately to strongly supported nodes compared to trnLFiComp, 
CHLOiComp and MOLiComp, which only had one moderately to strongly supported 
node each (Figs. 4.1A – F).  Trees from trnLFiComp, CHLOiComp and MOLiComp lacked 
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resolution (Figs. 4.1C, E and F) compared to the fairly resolved trees in ITSComp, 
ndhFiComp and trnLFspaceriComp.   
 
Fairly resolved trees from the molecular data sets with Red1 taxa contained seven 
moderately to strongly supported nodes.  These trees contained fewer taxa as a result of 
removing all accessions with missing data, making it difficult to determine the 
relationships of some of the important missing species (e.g., the New Guinea species, 
most Asian species) (Figs. 4.2A – B).   
 
Fairly resolved trees from the molecular data sets with Red2 taxa contained 5 – 10  
moderately to strongly supported nodes.  More nodes, stronger node support and better 
resolution were observed in the trees obtained from CHLOiRed2 and MOLiRed2 
compared to those obtained from the data sets without indels (i.e., CHLORed2 and 
MOLRed2) and from the individual data sets with and without indels (e.g., ITSRed2, 
ndhFRed2, trnLintronRed2, trnLFspacerRed2) (Figs. 4.3A – F).  The nodes found in the 
CHLOiRed2 tree (Fig. 4.3E) were similar to those found in ndhFiRed2, trnLintroniRed2 
and trnLFspaceriRed2 (Figs. 4.3B – D), while   the nodes found in MOLiRed2 (Fig. 4.3F) 
were similar to those in ITSRed2 (Fig. 4.3A).   
 
Using morphological data 
The tree topologies obtained using MP of morphological data from different taxon sets 
(Comp, Red1 and Red2) and data sets (morph, morphquali, morphrep, morphveg) were 
very similar.  However, these tree topologies were not similar to those obtained using 
molecular data.  Only two out of the possible 17 nodes with moderate to strong support 
observed in the trees from the molecular data were recovered using the morphological 
data (Fig. 4.4A).  Consequently, on the basis of lack of resolution and statistical support, 
trees obtained from the analyses of morphological data were not used to infer 
phylogenetic relationships. 
 
Using combined molecular and morphological data 
The tree topologies obtained using MP, ML and BI of combined morphological and 
molecular data were similar to those obtained from the analyses of molecular data. 
Combining molecular and morphological data did not substantially change the topology, 
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resolution and node support of the phylogenetic trees (Figs. 4.4B – D; Table 4.4).  
Consequently, all trees resulting from combined molecular and morphological data sets 
were not used in the discussion of the phylogenetic relationships of Tripogon and 
affiliated genera. 
 
Trees selected  for inferring the phylogenetic relationships of Tripogon and affiliated 
genera 
On the basis of tree topology with better resolution and strong node support, two trees 
were selected for inferring the phylogenetic relationships of Tripogon and affiliated 
genera: trees obtained from MP of CHLOiRed2 (henceforth called Tree A) and 
MOLiRed2 (henceforth called Tree B) (Figs. 4.3E – F).  Tree A and Tree B have 10 and 9 
moderately to strongly supported nodes, respectively.  Four of these nodes (1, 4, 6 & 8) 
are common to both trees.   All moderately to strongly supported nodes observed in 
Tree A and Tree B were also observed in trees obtained from ML and BI (Figs. 4.6 and 
4.9; Table 4.4). Species in the two selected trees fall into two main clades: Clades 1 and 2 
(Figs. 4.3E – F).  The relationship of the two clades in either tree is uncertain.  The main 
differences between these two trees concern the monophyly of T. loliiformis from 
Australia and the placement of Eragrostiella and the species of Tripogon from New 
Guinea.   
 
Phylogenetic relationships  
Monophyly of Tripogon 
Tripogon is not monophyletic.  The placement of Eragrostiella in Tree A and Tree B is 
uncertain.  Oropetium is nested within Tripogon.  The nested position of Oropetium is 
strongly supported in all analyses in Tree A (BS from MP and ML=99, 100; PP=99; Fig. 
4.5) and Tree B (BS from MP and ML=97, 99; PP=100; Fig. 4.8).  Species of Tripogon and 
affiliated genera fall into two big sister clades.  These two clades were recovered in the 
strict consensus tree constructed from 13,990 (Tree A) and 480 (Tree B) equally 
parsimonious trees (Figs. 4.3E – F; Fig. 4.5 and Fig. 4.8). 
 
Clade 1 
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Clade 1 of Tree A (henceforth called Clade 1A) is composed of species of Tripogon from 
Africa (1 species), America (2 species) and Australia (1 species, with multiple 
accessions).  This clade is strongly supported in all analyses (Node 16; BS=99, 98; 
PP=99) (Fig. 4.5).   Clade 1 of Tree B (henceforth called Clade 1B) is composed of one 
species of Tripogon from New Guinea, in addition to those found in Clade 1A.   Clade 1B 
is strongly supported in all analyses (Node 15; BS=98, 95; PP=100).   
 
The African species do not form a monophyletic group.  Only one African species (T. 
minimus) is found in Clade 1A and Clade 1B.  The rest of the African species are found in 
Clade 2.  The American species form a moderately supported monophyletic group in 
both Clade 1A (Node 6; BS =85, 78; PP=86) and Clade 1B (Node 6; BS=85, 80; PP=90). 
The multiple accessions of T. loliiformis from Australia form a moderately to strongly 
supported monophyletic group in Clade 1A (Node 7; BS=75, 80; PP=99) but not in Clade 
1B.  The relationship of the multiple accessions of T. loliiformis in Clade 1A is 
unresolved.  However, in both Clade 1A and Clade 1B, a group of four accessions (Fabillo 
027, Fabillo 029, Fabillo 036 and Columbus 5092) is observed.  This group is strongly 
supported in Clade 1A (Node 8; BS=99, 98; PP=100) and moderately to strongly 
supported in Clade 1B (Node 8; BS=100, 90; PP=85).  Accessions of T. loliiformis from 
Australia and New Guinea do not form a monophyletic group in Clade 1B.   
 
The relationship of the African, American and Australian species of Tripogon in Clade 1A 
is unresolved.  Clade 1A forms polytomy with the two unresolved species of 
Eragrostiella.  The node consisting of Clade 1A and Eragrostiella is only strongly 
supported in BI (Node 17; PP=98) (Figs. 4.3E and 4.5 ).  The relationship of the species 
of Tripogon from Africa, American, Australia and New Guinea in Clade 1B is unresolved 
(Figs. 4.3F & 4.8).  The sole agreement subtree generated from 480 equally 
parsimonious trees obtained from MOLiRed2, provides more structure in Clade 1B.  The 
difference of this agreement subtree tree with the strict consensus tree is the absence of 
T. minimus, T. loliiformis from New Guinea and five accessions of T. loliiformis from 
Australia in the agreement subtree.  In the agreement subtree, the American species of 
Tripogon is sister to a group of Australian species, T. loliiformis (four Queensland 
accessions) + another group of T. loliiformis (mixed accessions) (Fig. 4.10).  When 
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species included in the agreement subtree were analysed, all nodes in Clade 1B, except 
the Australian T. loliiformis (mixed accessions) are strongly supported (Fig. 4.10). 
 
Clade 2 
Clade 2 of Tree A (henceforth called Clade 2A) is composed of Oropetium (3 accessions) 
and Tripogon from Africa (1 accession), Asia (5 accessions) and New Guinea (1 
accession).  Clade 2A is strongly supported in all analyses (Node 11; BS=97, 100; 
PP=100).  Clade 2 of Tree B (henceforth called Clade 2B) is composed of all species 
found in Clade 2A, except the species from New Guinea. There are two African species, 
instead of one, in Clade 2B.  Clade 2B is strongly supported in all analyses (Node 13; 
BS=100, 100; PP=100).  Oropetium forms a strongly supported monophyletic group in 
both Clade 2A (Node 4; BS=99, 100; PP=100) and Clade 2B (Node 4; BS=100, 100; 
PP=100).  The sole African species of Tripogon (T. major) in Clade 2A is sister to 
Oropetium + Asian-New Guinea species of Tripogon.  The two African species of 
Tripogon (T. major and T. multiflorus) found in Clade 2B do not form a monophyletic 
group.  Tripogon multiflorus is nested within the Asian species, while T. major is sister to 
Oropetium + African-Asian species.  Species of Tripogon from Asia and New Guinea form 
a moderately to strongly supported group in Clade 2A (Node 9; BS=88, 100; PP=100).  
The New Guinea species is not observed in Clade 2B.   The Asian species form a strongly 
supported monophyletic group with one African species, T. multiflorus, in Clade 2B 
(Node 14; BS=99, 98; PP=99, Fig. 4.8).  However, the relationships of the different 
species within the clade lack support (Fig. 4.8).   
 
The relationship of species within Oropetium is well-resolved in Clade 2A and Clade 2B. 
The relationship of species within the Asian-New Guinea Tripogon group found only in 
Clade 2A is unresolved (Fig. 4.5). The sole agreement subtree produced from the 13,990 
equally parsimonious trees obtained from CHLOiRed2 provides resolution to the Asian 
clade (without the New Guinea Tripogon) (Fig. 4.7).  Tripogon lisboae (India) is sister to 
a clade containing T. chinensis (China), T. filiformis (India) and T. jacquemontii (Fig. 4.7). 
When the data set for the remaining species from the agreement subtree is analysed, the 
statistical support for the Asian clade is strong (BS=90, 95; PP=95) (Fig. 4.7).   The 
relationship of species within the Asian-African group found only in Clade 2B is fairly 
resolved (Fig. 4.8).  Tripogon multiflorus (Africa) forms a polytomy with T. filiformis and 
116 
 
T. jacquemontii (India).  Tripogon yunnanensis and T. chinensis (China) form a 
monophyletic group.  Tripogon lisboae (India) is sister to T. trifidus (China).  Tripogon 
trifidus is sister to the Chinese species + the African-Asian species. 
 
Character mapping 
When morphological characters were mapped on tree A and tree B, these characters 
proved to be homoplasious and do not support the groupings that are observed in the 
phylogenetic trees (Fig. 4.11 – 4.13).  Some interesting observations include having one 
floret in the spikelet as an autapomorphy of Oropetium (Fig. 4.11).  The number of 
anthers in Tripogon and affiliated genera varies from 1 – 3, just like the outgroup taxa 
(Fig. 4.12).  The length of anthers of Tripogon and affiliated genera is always short (1.5 
mm) compared to the relatively longer anthers of the outgroup taxa, except Danthonia 
(Fig. 4.13).   
 
4.4. Discussion 
The following discussion is related to the utility of different phylogenetic methods in the 
reconstruction of a well-supported phylogeny of Tripogon and affiliated genera.  It also 
discusses the phylogenetic relationships in Tripogon and affiliated genera in relation to 
morphological similarities and variation. The flow of discussion of the phylogenetic 
relationships is by major clades observed (i.e., Clade 1 & Clade 2). A separate section on 
the phylogenetic relationships in the multiple accessions of T. loliiformis is provided 
towards the end of this section. 
 
Phylogenetic methods 
Morphological and molecular data 
Analyses of individual (ITS, ndhF, trnL intron and trnL-F spacer with and without 
indels) and concatenated molecular data (chloroplast and chloroplast + nuclear DNA) 
generally resulted in the reconstruction of fairly resolved phylogenetic trees of Tripogon 
and affiliated genera.   The three methods used to analyse the molecular data (MP, ML, 
BI) provided similar overall tree topologies. Two trees were selected for inferring the 
phylogeny of Tripogon and affiliated genera.  These trees were obtained from the 
concatenated molecular data sets (chloroplast DNA and chloroplast + nuclear DNA).   
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The use of morphological data in the reconstruction of the phylogeny of Tripogon and 
affiliated genera did not provide substantial information relevant to improving the tree 
resolution or node support.  Despite the development of molecular techniques to infer 
phylogeny, morphological characters play a great role in studying the origin and 
classification of grasses (Kellogg 2000; Columbus et. 2007).  However, the use of DNA 
sequences for constructing phylogenies is more suitable when morphological characters 
are homoplasious (Grass Phylogeny Working Group I 2001), as is the case in Tripogon.  
Morphological data were instead mapped onto the two trees obtained from molecular 
data sets.  This approach of utilising morphological data is quite popular and has proven 
more informative in many grass phylogenetic studies (e.g., Reimer 2006; Columbus et al. 
2007).  Mapping characters, however, does not enhance the robustness or accuracy of 
the phylogenetic trees (Wiens 2004). Mapping morphological characters on the 
Tripogon phylogenetic trees merely provided information that possibly explains 
phylogenetic relationships. 
 
Taxon sampling, molecular loci and alignment curation 
Adding more taxa for phylogenetic reconstruction has often been shown to improve 
resolution of phylogenetic trees (Graybeal 1998; Hillis 1998).  However, in this study, 
the addition of several accessions of T. loliiformis was disadvantageous as it resulted in 
polytomies of the entire phylogenetic trees (Figs. 4.1C, E & F).  Discarding some of the 
accessions of T. loliiformis had improved the resolution of the tree (Figs. 4.3A-F).  
Eragrostiella appeared paraphyletic or monophyletic in the analyses and its placement 
in the phylogenetic trees was uncertain.  Adding more species of Eragrostiella may fix 
the uncertainties in its placement.  Adding more species of Tripogon from Africa and 
Asia and including the one other species of Tripogon from America would also possibly 
provide better tree resolution, especially in the case of determining the relationship of 
the bigger clades (i.e., Clade 1 and Clade 2). 
 
The use of chloroplast loci (particularly the coding region ndhF and the noncoding 
region trnL-F) has been proven informative in many genus-level phylogenetic studies in 
grasses (e.g. Kellogg et al. 2004; Reimer 2006).  The use of noncoding regions has been 
more useful at lower taxonomic levels because these regions are less subject to 
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functional constraint, leading to a higher substitution rate (Clegg et al. 1994). Structural 
rearrangements of the chloroplast genome, such as insertions and deletions (indels), 
and inversions are also potential sources of phylogenetic information, and are especially 
useful in noncoding regions of the chloroplast where structural rearrangements may be 
more common than point mutations (Hilu 1987).  The use of nuclear-encoded region, 
such as the internal transcribed spacer region (ITS), in grasses has been shown to 
generate phylogenetic trees that are in agreement with those obtained from other 
molecular loci (e.g., Hsiao et al. 1994; Sun et al. 1994; Liu et al. 2006).  Nuclear encoded 
gene regions in plants can be more variable than chloroplast gene regions (Pirie et al. 
2008).  Additionally, nuclear encoded gene regions are useful in species-level 
phylogenetic studies, specifically plant groups, which are commonly known for 
reticulations (Hughes et al. 2006).  The latter is a benefit that is not usually provided by 
phylogenetic trees resulting from the analyses of chloroplast DNA regions (Pirie et al. 
2008). 
 
Aligning the ndhF and trnL-F sequences required the creation of many gaps equivalent 
to one or more base pairs.  Eleven indels were coded for analysis in ndhF and 17 in trnL-
F (Table 4.3).  Aligning the chloroplast sequences was conducted with ease and less 
challenge.  However, aligning the shorter ITS sequences was more difficult.  The ITS 
alignments were Gblocks curated.  Compared to the non-curated ITS alignment, the 
curated ITS alignments resulted in a tree topology that was similar to the chloroplast 
trees.   
 
Phylogenetic relationships 
Tripogon, Eragrostiella and Oropetium 
Results of this study strongly indicate that Tripogon is not monophyletic.  This 
investigation confirms the close relationship of Tripogon with Eragrostiella and 
Oropetium, as indicated in previous phylogenetic studies at the subfamily and family 
levels (Peterson et al. 2010; Grass Phylogeny Working Group 2011).  Previously, in the 
absence of a genus-wide phylogenetic study, gross morphological characters were used 
as bases for suggesting close relationship between Tripogon and Oropetium (Phillips 
and Launert 1971; Phillips 1975).  The close relationship between Tripogon and 
Eragrostiella is not documented in previous studies other than the subfamily level 
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phylogenetic study of Peterson et al. (2010) linking the two genera.  Oropetium is nested 
within Clade 2.  It is sister to the Asian-New Guinea or Asian-African group.  The strong 
support and fixed position of Oropetium in Tripogon is an important result of this study.  
This may imply possible taxonomic revisions.  Future phylogenetic studies that include 
all the six species of Oropetium are recommended.  This will allow for determining the 
monophyly of Oropetium. 
 
Based on the phylogenetic tree from the chloroplast data (tree A), the placement of 
Eragrostiella is unresolved.  The node that constitutes Eragrostiella and Clade 1 is 
unsupported in MP and ML but strongly supported in BI. The agreement subtree for 
tree A excludes one of the two species of Eragrostiella (E. leioptera) included in this 
study.  Eragrostiella is sister to the American Tripogon + Australian T. loliiformis.  
Analyses of species from this agreement subtree show moderate support for this 
relationship.    Based on the phylogenetic tree from the chloroplast + nuclear data (tree 
B), species of Eragrostiella form a monophyletic group that is moderately supported.  
The Eragrostiella group forms polytomy with Clades 1 and 2.   The statistical support for 
the Tripogon, Eragrostiella and Oropetium node are consistently strong in all analyses 
regardless of the placement of Eragrostiella.  Given that the placement of Eragrostiella is 
not totally resolved and that the two species included in this study do not always form a 
monophyletic group, further phylogenetic investigations involving all eight species of 
Eragrostiella is recommended.  
 
Clade 1 
The strongly supported Clade 1 consists of the Australian, American and African 
Tripogon.  The New Guinea Tripogon falls in Clade 1 of tree B but is placed in Clade 2 of  
tree A.  Combining data sets is not the best option in cases where the phylogenetic trees 
show conflicting relationships (Pirie et al. 2008).  To address the issue of conflicting 
trees, separate analyses of conflicting data partitions were undertaken.  Additionally, 
analyses involving the exclusion of taxon exhibiting conflicting signal (T. loliiformis from 
New Guinea) were conducted.  Both separate analyses and reduced taxon sampling 
generated trees that were almost similar to tree A and tree B (Figs. 4.3 A-B). 
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The position of the species within Clade 1 is unresolved in both trees.  Earlier taxonomic 
study indicated a possible close relationship between T. loliiformis, T. minimus and T. 
spicatus based on similarities of the habit and features of the leaves and inflorescences 
(Rúgolo de Agrasar and Vega 2004, Palmer and Weiller 2005).   
 
The two American species (T. ekmanii and T. spicatus) that form a monophyletic group 
are always associated with the African species (T. minimus) and the Australian species 
(T. loliiformis). There were no available sequence data for the third American species, T. 
nicorae.   
 
Although the African species, T. minimus, is consistently found in Clade 1, its 
relationship with the other species in the clade remains unresolved.  Agreement 
subtrees for chloroplast and ITS + chloroplast data sets both exclude T. minimus from 
the phylogenetic tree.  Statistical support for Clade 1 remained consistently strong in 
the presence or absence of T. minimus.  The affiliation of T. minimus to the American and 
Australian species has been hypothesised previously on the basis of morphological 
features.  Tripogon minimus, just like most species of Tripogon, is highly variable.  As far 
as the limited sampling of this study is concerned, T. minimus is more closely related to 
the American and Australian Tripogon, than it is to the other African species, T. major 
and T. multiflorus.  Tripogon minimus is a highly variable species.  The occurrence of 
different morphological forms in T. minimus is correlated to geographic location 
(Phillips and Launert 1971).  Given that only one morphological form of T. minimus has 
been sampled in this study, it remains to be seen whether the different morphological 
forms of T. minimus form a monophyletic group.  This is a similar issue raised for the 
Australian T. loliiformis that has been addressed in this study.  Phylogenetic study 
involving more accessions of T. minimus may address the monophyly issue of T. 
minimus.  Adding more African species and the remaining one species of the American 
Tripogon, and reducing further the number of T. loliiformis samples may possibly 
resolve the relationship within Clade 1.   
 
The presence or absence of the New Guinea species of Tripogon in Clade 1 does not 
affect the statistical support of the node in this clade.  The placement of the New Guinea 
species of Tripogon in Clade 1 of tree B is reflected by its placement in ITS, while its 
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placement in Clade 2 of tree A reflects its placement in the ndhF strict consensus tree.  
DNA was not successfully sequenced for the New Guinea species using the trnL intron 
and trnLF spacer.  Based on morphological features, the species of Tripogon from New 
Guinea is similar to the Australian species of Tripogon, both of which are identified as T. 
loliiformis. Future phylogenetic studies involving more accessions of T. loliiformis from 
New Guinea are recommended to determine the monophyly of the species from New 
Guinea and to ascertain its relationship with the others species of Tripogon. 
 
Clade 2 
The strongly supported Clade 2 consists of three species of Oropetium, 5 – 6 Asian 
species and two African species.  The New Guinea Tripogon falls   under this clade in 
tree A but is placed in Clade 1 in tree B.  The Asian species form a strongly supported 
monophyletic group that also contains one African species, T. multiflorus (Figs. 4.5 & 
4.8).  Species of Oropetium used in this study (O. capense, O. minimum and O. thomaeum) 
also form a monophyletic group that is strongly supported in both tree A and tree B.   
 
The Asian and New Guinea species form a monophyletic group with a strongly 
supported node but unresolved relationship for all analyses in tree A.  The agreement 
subtree for tree A shows a resolved group that excludes the New Guinea species.  The 
relationship of all Asian species found in tree A is similar to what is observed in tree B.  
Some of the Asian species found in tree A, especially those which have missing data (i.e., 
no sequence data for ITS) are excluded in the agreement subtree for tree A (Fig. 4.7). In 
the agreement subtree, Tripogon lisboae (a species from India) is sister to T. chinensis 
(China).  Tripogon chinensis is sister to T. filiformis + T. jacquemontii (both from India).   
 
The African species, T. major, is consistently found in Clade 2 and is sister to the Asian-
New Guinea/Africa group + Oropetium.  This relationship is strongly supported in tree A 
and is moderately to strongly supported in tree B. Tripogon major is distributed in 
widely scattered mountain localities across tropical Africa.  As often found in taxa with 
similar distribution pattern, the separate populations differ from each other in various 
minor characters (e.g., length of lemma and lemmatal awns).  In fact, due to this, several 
forms of T. major, representing the different mountain regions in tropical Africa, were 
previously given separate names (Phillips and Launert 1971).  As in the case of T. 
122 
 
minimus and T. loliiformis, future phylogenetic study involving several morphological 
forms from across the geographic range could help ascertain the monophyly and the 
relationship within T. major. 
 
The affinity of the New Guinea T. loliiformis to the Asian species, instead of the 
Australian T. loliiformis, requires further investigation using additional accessions and 
other molecular markers.  There are several possible explanations for its affiliation with 
the Asian species.  First, the New Guinea T. loliiformis may have been misidentified.  At 
present, there is no univerasal set of characters that is used to delimit species of 
Tripogon (Newmaster and Ragupathy 2008).  Furthermore, the taxonomy of T. 
loliiformis has never been revised. However, if morphological characters from the 
taxonomic revisions of Asian species (e.g., Cope 1992; Phillips and Chen 2002; 
Veldkamp and Phillips 2003) (Appendix 1) were to be used to assess the affinity of T. 
loliiformis, then its present identification is correct. If the number of anthers (a 
character that was generally used in identifying the Asian species from among different 
localities like India and China) was to be used as criteria for naming and affiliation, then 
the New Guinea accession could be from Australia or Asia, but most likely from 
Australia.  Species from these regions usually have three anthers.  Some Asian species 
have only one anther (Fig. 4.12).  The second possible explanation for the affinity of the 
New Guinea Tripogon to the Asian species is divergent evolution.  But since T. loliiformis 
from New Guinea was incompletely sequenced (only ndhF was sequenced 
successufully), the affinity of the New Guinea T. loliiformis remains inconclusive. 
 
Tripogon loliiformis from Australia 
The multiple accessions of T. loliiformis from Australia are always associated with the 
American and African species in Clade 1.  The multiple accessions either constitute a 
monophyletic group (tree A) or are ambiguous (tree B).  The node for Clade 1 is 
consistently strongly supported in either situation of the Australian T. loliiformis. Within 
the Australian T. loliiformis, there is one group of four accessions that was consistently 
recovered in all analyses using all data sets, except the trnL-F spacer.   These four 
accessions were samples collected from Queensland and Victoria (Fabillo 027, Fabillo 
029, Fabillo 036 and Columbus 5092) (Table 4.1).  The relationship of this small group 
of T. loliiformis with the rest of the accessions is uncertain.  Further analyses involving 
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more samples from the same localities and population genetic studies are 
recommended. 
 
Although gross morphological differences in vegetative (e.g., height) and reproductive 
features (e.g., most features of the inflorescences, spikelet and florets) are observed in T. 
loliiformis, these forms do not correspond to several groups in the phylogenetic trees.   
In most data sets, analysed, the inclusion of multiple accessions always yielded a tree 
that contained a polytomy.  The similarities in most features of the leaf anatomy and leaf 
and lemma micromorphology among the different morphological forms (Chapters 2- 3) 
support the result from the phylogenetic analyses.  Population genetic studies may be 
more appropriately used to confirm that the different morphological forms do not 
warrant the splitting of the species into multiple species.   
 
Morphological synapomorphies for Tripogon and affiliated genera 
None of the morphological characters investigated provide distinctive information on 
the relationships that are observed in the phylogenetic trees for Tripogon and affiliated 
genera.  Using the morphological characters investigated, there are no morphological 
synapomorphies identified for Tripogon and affiliated genera.  Nevertheless, this study 
provides a framework that can be used in future interpretations and re-evaluations of 
taxonomic and phylogenetic relationships of Tripogon and affiliated genera.   
 
4.5. Summary and Conclusions 
Phylogenetic trees for Tripogon and affiliated genera were reconstructed for the first 
time by maximum parsimony, maximum likelihood and Bayesian inference using 
molecular and morphological data.   Two fairly resolved phylogenetic trees from 
maximum parsimony of chloroplast and chloroplast + nuclear DNA sequence data were 
selected to infer the phylogeny of Tripogon and affiliated genera.  These trees contained 
more nodes with moderate to strong support compared to the other trees of similar 
topology.  Trees obtained from morphological data did not provide a similar topology 
with those from the molecular data.  These trees contained very few nodes with 
moderate to strong support and showed unresolved relationships. 
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The two selected trees were similar to those obtained in maximum likelihood and 
Bayesian inference.  Based on these two trees, the genus Tripogon is not monophyletic.  
Oropetium is always nested within Tripogon. Eragrostiella forms a polytomy with 
Tripogon or is nested within it.  Tripogon loliiformis (both from Australia and New 
Guinea) does not form a monophyletic group.  The multiple accessions of T. loliiformis 
from Australia are either monophyletic (chloroplast data set) or non-monophyletic 
(chloroplast + nuclear data set).  Tripogon loliiformis from New Guinea is either 
associated with T. loliiformis from Australia in a clade that includes the American and 
African species (T. minimus), or it is associated with the Asian species in a clade that 
includes the African species (T. major) and Oropetium.  
 
The phylogenetic trees generated in this study could be used in studying historical 
biogeography and character evolution involving Tripogon, Eragrostiella and Oropetium.  
Finally, the placement of several taxa, including Eragrostiella and Oropetium, provides 
knowledge that has significant implications for the revision of these taxa.
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Table 4.1. Taxa used, details of vouchers, locality and GenBank accession numbers of sequence data.  Note: X = sequence data not available. 
Species Voucher  
 
Locality 
 
GenBank accession number 
ITS ndhF trnL intron and 
trnL-F spacer 
 
Tripogon (Subfamily Chloridoidea, Tribe Cynodonteae) 
 
T. chinensis S.R. Liu 1997 (MO) Asia (China) KP234187 KP234238 KP234132 
 
T. ekmanii  Columbus 4854 (RSA) South America                    
Columbus            Columbus           Columbus 
(pers. comm.)     (pers. comm.)     (pers. comm.) 
 
T. filiformis Fabillo 040 (BRI) Asia (India) KP234133 KP234189 KM670454 
 
T. jacquemontii  Fabillo 041 (BRI) Asia (India) KP234134 KP234190 KM670455 
 
T. lisboae  Fabillo 042 (BRI) Asia (India) KP234135 KP234191 X 
 
T. loliiformis Atkinson       JA 84 
(PERTH) 
Australia (Paraburdoo, Western 
Australia) 
 
KP234136 KP234192 KP234089 
 
 Bean 27416 (BRI) Australia (WNW of Bollon, 
Queensland) 
 
KP234137 KP234193 X 
 Bean 29740 (BRI) Australia (State Forest south of 
Wyaga, Darling Downs, 
Queensland) 
 
 
KP234138 X X 
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Species Voucher  
 
Locality 
 
GenBank accession number 
   
 
 
ITS ndhF trnL intron and 
trnL-F spacer 
 
T. loliiformis 
 
Bean 30064 (BRI) 
 
Australia (Plevna Downs W of 
Eromanga, Gregory South, 
Queensland) 
 
 
KP234139 
 
KP234194 
 
KP234090 
 
 Beauglehole 82650 (MEL) Australia (Terrick, Terrick State 
Park, Victoria) 
 
KP234140 X X 
 Brennan 9216 (DNA) Australia (Tennant Creek, 
Northern Territory) 
 
KP234188 KP234239 KP234091 
 
 Columbus 5092 (BRI) Australia (Three mile road, 
Moreton, Queensland) 
 
KP234141 KP234195 KP234092 
 
 Columbus 5164 (RSA) Australia (Queensland) 
 
Columbus         Columbus           Columbus  
(pers. comm.)   (pers. comm.)    (pers. comm.) 
 
 Crawford 6040 (CANB) Australia (Michelago, Byrne’s 
Plains, Southern Tablelands, New 
South Wales) 
 
X KP234196 X 
 Crawford 7368 (CANB) Australia (Riverview, 2.5 km N of 
Bredbo Post Office, New South 
Wales) 
 
 
 
KP234142 KP234197 KP234093 
 
Table 4.1.  Continued. 
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Species Voucher  
 
Locality                     GenBank accession number 
   ITS ndhF trnL intron and 
trnL-F spacer 
 
T. loliiformis Cumming 24014 (BRI) Australia (Little Star River, 
Townsville, North Kennedy, 
Queensland) 
 
KP234143 KP234198 KP234094 
 
 Fabillo 001 (BRI) Australia (Great Northern 
Highway (south of Mt Magnet, 
29.5 km north of Paynes Find), 
Western Australia) 
 
KP234145 KP234200 KP234095 
 
 Fabillo 002 (BRI) Australia (Great Northern 
Highway (13 km west of Paynes 
Find) 
 
KP234146 KP234201 KP234096 
 
 Fabillo 003 (BRI) Australia (The Granites, Mt 
Magnet, Western Australia) 
 
KP234147 KP234202 KP234097 
 
 Fabillo 004 (BRI) Australia (5 km from  Petrudor 
Rocks, 17 km south of Kalannie, 
Western Australia) 
 
KP234148 X KP234098 
 
 Fabillo 005 (BRI) Australia (Petrudor Rocks, 
Kalannie, Western Australia) 
 
X KP234203 KP234099 
 
 Fabillo 006 (BRI) 5 km west of Burakin, on Hospital 
Road, Western Australia 
 
KP234149 KP234204 KP234100 
 
Table 4.1.  Continued. 
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Species Voucher  
 
Locality 
 
GenBank accession number 
   ITS ndhF trnL intron and 
trnL-F spacer 
 
 
T. loliiformis 
 
Fabillo 007 (BRI) 
 
Australia (East of Wongan Hills, 
on Hospital Road, Western 
Australia) 
 
 
KP234150 
 
KP234205 
 
KP234101 
 
 Fabillo 008 (BRI) Australia (10.5 km from 
intersection of Hospital Road and 
Kokadine West, Western 
Australia) 
 
KP234151 KP234206 KP234102 
 Fabillo 009 (BRI) Australia (Great Eastern 
Highway, 2.8 km west of 
Kellerberin, Western Australia) 
 
KP234152 KP234207 KP234103 
 
 Fabillo 010 (BRI) Australia (Danberrin Rock, 10 km 
south of Nungarin, Western 
Australia) 
 
KP234162 KP234217 X 
 Fabillo 011 (BRI) Australia (Close to Karomin 
Rock, on the Nungarin-Karomin 
Road, Western Australia) 
 
KP234153 KP234208 KP234104 
 
 Fabillo 012 (BRI) Australia (Talgomine Reserve/Mt 
Moore, Talgomine, Western 
Australia) 
 
 
KP234154 KP234209 X 
Table 4.1.  Continued. 
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Species Voucher  
 
Locality 
  
GenBank accession number 
   ITS ndhF trnL intron and 
trnL-F spacer 
 
 
T. loliiformis 
 
Fabillo 013 (BRI) 
 
Australia (Eaglestone Rock, 21 
km NE of Nungarin, Western 
Australia) 
 
 
KP234155 
 
KP234210 
 
KP234105 
 
 Fabillo 014 (BRI) Australia (Karomin Rock, 
Kellerberin, Western Australia) 
 
KP234156 KP234211 KP234106 
 Fabillo 015 (BRI) Australia (48.6 km from 
Mukinbudin, on Ogilvie Road, 
Western Australia) 
 
KP234157 KP234212 KP234107 
 
 Fabillo 016 (BRI) Australia (Cunderdin Road, 350 m 
from Mukinbudin, Western 
Australia 
 
KP234158 KP234213 X 
 Fabillo 018 (BRI) Australia (Elachbutting Rock, 
Westonia, Western Australia) 
 
KP234159 KP234214 X 
 Fabillo 019 (BRI) Australia (Yaneymooning Nature 
Reserve, Western Australia) 
 
KP234160 X KP234108 
 
 Fabillo 020 (BRI) Australia (Totadgin Nature 
Reserve, 12 km from Merredin, 
Western Australia) 
 
X KP234215 KP234109 
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Species Voucher  
 
Locality 
 
GenBank accession number 
 
   ITS ndhF trnL intron and 
trnL-F spacer 
 
 
T. loliiformis 
 
Fabillo 021 (BRI) 
 
Australia (Bruce Rock, Western 
Australia 
 
 
X 
 
KP234216 
 
X 
 Fabillo 022 (BRI) Australia (Bruce Rock Narembeen 
Road, Western Australia) 
 
X KP234218 KP234110 
 
 Fabillo 023 (BRI) Australia (North Kellerberrin, 
Western Australia) 
 
KP234161 KP234219 KP234111 
 
 Fabillo 024 (BRI) Australia (Yorkrakine Road, 
Western Australia) 
 
KP234163 KP234220 KP234112 
 
 Fabillo 025 (BRI) Australia (Yorkrakine Rock, 
Yorkrakine, Western Australia) 
 
KP234164 KP234221 KP234113 
 
 Fabillo 026 (BRI) Australia (Across Dangore State 
Forest, Queensland) 
 
KP234165 KP234222 KP234114 
 
 Fabillo 027 (BRI) Australia (Wildhorse Mountain, 
Queensland) 
 
KP234166 KP234223 KP234115 
 
 Fabillo 028 (BRI) Australia (Eidsvold – Cracow 
Road near Little Morrow Creek, 
Queensland) 
 
X KP234224 X 
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Species Voucher  
 
Locality 
 
GenBank accession number 
 
   ITS ndhF trnL intron and 
trnL-F spacer 
 
 
T. loliiformis 
 
Fabillo 029 (BRI) 
 
Australia (Mount Peregian, 
Queensland) 
 
 
KP234167 
 
KP234225 
 
KP234116 
 
 Fabillo 030 (BRI) Australia (Cecil Plains, Queensland) 
 
X KP234226 KP234117 
 
 Fabillo 031 (BRI) Australia (Idalia National Park, 
Queensland) 
 
KP234168 KP234227 KP234118 
 
 Fabillo 036 (BRI) Australia (Auchmeddan, near 
Thoona  north east, Victoria) 
 
KP234169 KP234229 KP234120 
 
 Fabillo 037 (BRI) Australia (Stanthorpe, Queensland) 
 
KP234170 X X 
 Fensham 5427 (BRI) Australia (Yelarbon area, Darling 
Downs, Queensland) 
 
KP234171 KP234230 KP234121 
 
 Forster 35739 (BRI) Australia (Mariala National Park, 
Warrego, Queensland) 
 
KP234172 KP234231 X 
 Hosking 3692 (BRI) Australia (Moonbi Ranges, New 
South Wales) 
 
KP234173 X KP234122 
 
 Latz 17361 (NT) Australia (MacClarke 
Conservation Reserve, Northern 
Territory) 
 
X X KP234123 
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Species Voucher  
 
Locality 
 
GenBank accession number 
 
   ITS ndhF trnL intron and 
trnL-F spacer 
 
 
T. loliiformis 
 
Latz 17375 (NT) 
 
Australia (5 km East Mereenie 
Oilfield Basecamp, Northern 
Territory) 
 
 
KP234174 
 
X 
 
KP234124 
 
 Latz 20029 (NT) Australia (Western Mt. Riddock 
Station, Northern Territory) 
 
KP234175 X KP234125 
 
 Latz 20165 (NT) Australia (Northern Territory) KP234176 X X 
 
 Latz 21803 (NT) Australia (Mt Caroline, Northern 
Territory) 
 
KP234177 X KP234126 
 
 Latz 23594 (DNA) Australia (40 km WNW of 
Kalamuria Hstd., South Australia) 
 
KP234178 KP234232 KP234127 
 
 Latz 24557 (DNA) Australia (60 km west of 
Ernabella, South Australia) 
 
X KP234233 KP234128 
 
 Latz 24921 (DNA) Australia (7 km east of Mimili, 
South Australia) 
 
KP234179 X X 
 Latz 25798 (DNA) Australia (MacClarke 
Conservation Reserve, Northern 
Territory) 
 
KP234180 KP234234 KP234129 
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Species Voucher  
 
Locality 
 
GenBank accession number 
   ITS ndhF trnL intron and 
trnL-F spacer 
 
 
T. loliiformis 
 
Latz 26342 (NT) 
 
Australia (Mt Hostie, Northern 
Territory) 
 
 
KP234181 
 
KP234235 
 
X 
 Latz 26924 (NT) Australia (Mt Etingimbra, 
Northern Territory) 
 
KP234182 X KP234130 
 
 Palmer 299 (CANB) Australia (Pine Lodge, New South 
Wales) 
 
KP234183 X X 
 Palmer 310 (CANB) Australia (Trafalgar Station, New 
South Wales) 
 
X KP234236 KP234131 
 
 Phillips 2107 (BRI) Bare Rock, Queensland, Australia KP234184 X X 
 
 van Leeuwen 1125 
(PERTH) 
Australia (West Angelas Hill, Mt 
Meharry, Western Australia) 
 
KP234185 X X 
 Williams 001 (BRI) Australia (Charleville, Queensland) 
 
X KP234228 KP234119 
 
 Womersley (BRI) Asia (Rouna Falls, Sogeri,  New 
Guinea) 
 
KP234186 KP234237 X 
T. major  Columbus 5788 (RSA) Africa Columbus          Columbus             Columbus  
(pers. comm.)    (pers. comm.)       (pers. comm.) 
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Species Voucher  
 
Locality 
 
GenBank accession number 
   ITS ndhF trnL intron and 
trnL-F spacer 
 
T. minimus  Columbus 5549 (RSA) Africa Columbus 
(pers. comm.) 
Columbus 
(pers. comm.) 
Columbus  
(pers. comm.) 
 
T.  multiflorus  
 
Spellenberg 7441 (MO) 
 
Africa (Yemen) 
 
JQ345204.1 
(Peterson et al. 
2012) 
 
X 
 
X 
 
T. spicatus 
 
Columbus 3108 (RSA) 
 
South America 
 
Columbus           Columbus            Columbus  
(pers. comm.)    (pers. comm.)      (pers. comm.) 
 
T. trifidus AT & SS 771 (THNHM) Asia GQ870139.1 
(Teerawatanan
on et al. 
Unpublished) 
 
X GQ869911.1 
(Teerawatananon et 
al. unpublished) 
 
 
T. yunnanensis Soreng 5564 (US) Asia (China) GU359186.1 
(Peterson et al. 
2010) 
 
X X 
 
Affiliated genera (Subfamily Chloridoideae, Tribe Cynodonteae) 
 
Eragrostiella 
bifaria 
 
Columbus 5770 (RSA) Australia Columbus            Columbus            Columbus 
(pers. comm.)     (pers. comm.)       (pers. comm.) 
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Species Voucher  
 
Locality 
 
GenBank accession number 
   ITS ndhF trnL intron and 
trnL-F spacer 
 
Eragrostiella 
leioptera 
 
Chand 7961 (US) Asia (India) GU359305.1 
(Peterson et al. 
2010) 
 
GU359769.1 
(Peterson et al. 
2010) 
X 
Oropetium capense Columbus 5464 (RSA) Africa Columbus 
(pers. comm.)               
 
Columbus 
(pers. comm.) 
Columbus  
(pers. comm.) 
Oropetium 
minimum 
 
Columbus 5860 (RSA) Africa Columbus 
(pers. comm.)             
Columbus 
(pers. comm.) 
Columbus  
(pers. comm.) 
Oropetium 
thomaeum 
 
Columbus 5864 (RSA) Africa Columbus 
(pers. comm.)             
Columbus 
(pers. comm.) 
Columbus  
(pers. comm.) 
Outgroup Taxa  
 
     
Centropodia glauca 
(Centropodia clade) 
 
 
Linder , H.P. 5410 (BOL) Africa (South Africa) EU401280.1 
(Pirie et al. 
2008) 
EU400772.1 
(Pirie et al. 
2008) 
EU401137.1  
(Pirie et al.  
2008) 
Eragrostiella 
leioptera 
 
Chand 7961 (US) Asia (India) GU359305.1 
(Peterson et al. 
2010) 
 
GU359769.1 
(Peterson et al. 
2010) 
X 
Danthonia 
intermedia 
(Subfamily 
Danthonoideae) 
Hermann, F. s.n. (SASK) America (U.S.A.) EU401311.1 
(Pirie et al. 
2008) 
EU400786.1 
(Pirie et al. 
2008) 
EU401192.1 
(Pirie et al. 
2008) 
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Species Voucher  
 
Locality 
 
GenBank accession number 
   ITS ndhF trnL intron and 
trnL-F spacer 
 
Eragrostis 
sessilispica 
(Subfamily 
Chloridoideae, Tribe 
Eragrostideae) 
 
Columbus 3328 (RSA) Not indicated EF153049.1 
(Columbus et 
al. 2007) 
JN681732.1 
(Columbus et 
al. 2007) 
EF156698.1 
(Columbus et 
 al. 2007 
Melanocenchris 
abyssinica 
(Subfamily 
Chloridoideae, Tribe 
Cynodonteae) 
 
Columbus 4304.1 (RSA) Not indicated EF153063.1 
(Columbus et 
al. 2007) 
JN681743.1 
(Columbus et 
al. 2007) 
EF156712.1 
(Columbus et  
al. 2007) 
Panicum bulbosum 
(Subfamily 
Panicoideae) 
 
Not indicated for ITS 
E. Bess 27 (MO) for ndhF 
& trnL-F 
Not indicated AY129699.1 
(Missaoui et al. 
Unpublished) 
 
AY864835.1 
(Bess et al. 
2005) 
AY864062.1  
(Bess et al.  
2005) 
Sporobolus wrightii 
(Subfamily 
Chloridoideae, Tribe 
Zoysieae) 
Columbus 2507 (RSA) for 
ITS & trnL-F 
Peterson 19841 (US) for 
ndhF 
Not indicated for  
ITS & trnL-F 
South America (Mexico) for 
ndhF 
EF153085.1 
(Columbus et 
al. 2007) 
GU359668.1 
(Peterson et al. 
2010) 
EF156734.1 
(Columbus et al. 
2007) 
Table 4.1.  Continued. 
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Table 4.2.  DNA regions, primer name and sequence, references and the thermocycler conditions optimised for amplification of DNA isolated 
from Tripogon. 
Region Primers Sequence (5’-3’) Reference Thermocycler conditions optimized for 
Tripogon 
ITS ITS5a 
ITS 4 
CCTTATCATTTAGAGGAAGGAG 
TCCTCCGCTTATTGATATGC 
Stanford et al. 2000 
White et al. 1990 
Initial cycle of 95º for 3 min, followed by 30 
cycles of denaturation at 95º for 1 min, annealing 
at 52º for 1 min, extension at 72º for 90 sec and 
final extension of 72º for 6 min. 
 
ndhF 
 
ndhF2091R 
ndhF1311F 
GACCCACTCCATTGGTAATTC 
ACTGCAGGATTAACTGCGTT 
Romaschenko et al. 2010 
Romaschenko et al. 2010 
 
Initial cycle of 94º for 3 min, followed by 36 
cycles of denaturation at 94º for 1 min, annealing 
at 48º for 30 sec, extension at 72º for 1 min and 
final extension at 72º for 10 min.       
     
trnL-F c 
f 
CGAAATCGGTAGACGCTACG 
ATTTGAACTGGTGACACGAG 
 
Taberlet et al. 1991 
Taberlet et al. 1991 
 
Iinitial cycle of 95º for 3 min, followed by 25 
cycles of denaturation at 95º for 1 min, annealing 
at 52º for 1 min, extension at 72º for 90 sec and 
final extension at 72º for 6 min.           
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Table 4.3. Statistical information generated from parsimony analyses using molecular (with and without indels) and morphological data sets 
with complete taxa, no missing data taxa or reduced taxa.   (CI: Consistency Index, RI: Retention Index). 
Data set Data set code No. 
of 
taxa 
Character information Parsimony 
No. of 
characters 
No. of 
Indels 
scored 
 Variable characters Parsimony 
informative  
characters 
Equally 
parsimonious 
trees 
Parsimony score and statistics 
 No. % No. % No. Tree 
length 
CI RI 
Individual molecular data (with and without indels, complete taxa ) 
 
ITS (without indels) ITSComp 76 704 NA 162 23 197 28 50 000 753 0.696 0.769 
ndhF (without indels) ndhFComp 69 768 NA 108 14   95 12 50 000 346 0.705 0.780 
ndhF (with indels) ndhFiComp 69 779 11 108 14 106 14 50 000 414 0.616 0.725 
trnL intron (without 
indels) 
trnLintronComp 64 584 NA   78 13   49  8 50 000 208 0.702 0.764 
trnL intron (with 
indels) 
trnLintroniComp 64 594 10   78 13   59 10 50 000 238 0.655 0.735 
trnLF spacer (without 
indels) 
trnLFspacerComp 62 533 NA   80 15   32  6 50 000 137 0.883 0.887 
trnLF spacer (with 
indels) 
 
trnLFspaceriComp 62 540 7   80 15   39  7 50 000 152 0.842 0.851 
Combined molecular data (with and without indels, complete taxa) 
 
chloroplast (without 
indels)  
CHLOComp   90 1 885 NA 266 14 176   9 50 000   723 0.707 0.752 
chloroplast (with 
indels) 
CHLOiComp   90 1 913 NA 266 14 204 11 50 000   856 0.630 0.698 
ITS + chloroplast 
(without indels)  
MOLComp   90 2 589 NA 457 18 406 16 50 000 1 710 0.675 0.728 
ITS+ chloroplast (with 
indels 
 
MOLiComp   90 2 617 NA 480 18 450 17 17 200 1 545 0.787 0.689 
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Data set Data set code No. 
of 
taxa 
Character information Parsimony 
No. of 
characters 
No. of 
Indels 
scored 
 Variable characters Parsimony 
informative  
characters 
Equally 
parsimonious 
trees 
Parsimony score and statistics 
 No. % No. % No. Tree 
length 
CI RI 
Combined molecular data (with and without indels, reduced to taxa with no missing data) 
 
chloroplast (without 
indels) 
CHLORed1 46 1 885 NA 215 11 137   7 50 000   533 0.750 0.770 
chloroplast (with 
indels) 
CHLOiRed1 46 1 913 NA 220 12 160   8 50 000   618 0.693 0.727 
ITS + chloroplast 
(without indels) 
MOLRed1 46 2 589 NA 419 16 340 13 50 000 1 384 0.716 0.705 
ITS + chloroplast 
(with indels) 
 
MOLiRed1 46 2 617 NA 490 19 500 19 50 000 1 120 0.752 0.721 
Individual molecular data (with and without indels, reduced T. loliiformis  sampling) 
 
ITS (without indels) ITSRed2   35      704 NA 137 19 211 30      2 342    720 0.711 0.786 
ndhF (without indels) ndhFRed2   33      768 NA 110 14   75 10    50 000    265 0.777 0.823 
ndhF (with indels) ndhFiRed2   33      779 NA 108 14   87 11    50 000    295 0.746 0.796 
trnL intron (without 
indels) 
trnLintronRed2   31      584 NA   49   8   41   7    50 000    817 0.780 0.804 
trnL intron (with 
indels) 
trnLintroniRed2   31      594 NA   51   9   49   8    50 000    150 0.753 0.778 
trnLF spacer (without 
indels) 
trnLFspacerRed2   30      533 NA   65 12   24   5    50 000    107 0.888 0.887 
trnLF spacer (with 
indels) 
 
 
trnLFspaceriRed2 
 
 
 
 
 
  30      533 NA   69 13   27   5    50 000   116 0.879 0.888 
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Data set Data set code No. 
of 
taxa 
Character information Parsimony 
No. of 
characters 
No. of 
Indels 
scored 
 Variable characters Parsimony 
informative  
characters 
Equally 
parsimonio
us trees 
Parsimony score and statistics 
 No. % No. % No. Tree 
length 
CI RI 
Combined molecular data (with and without indels, reduced T. loliiformis  sampling) 
 
chloroplast (without 
indels) 
CHLORed2 38 1 885 NA 224 12 142   8 50 000    524 0.778 0.816 
chloroplast (with 
indels) 
CHLOiRed2 38 1 913 NA 230 12 160   8 13 990    570 0.760 0.792 
ITS + chloroplast 
(without indels) 
MOLRed2 38 2 589 NA 405 16 362 14      650 1 380 0.729 0.769 
ITS + chloroplast 
(with indels) 
 
MOLiRed2 38 2 617 NA 420 16 405 15      480 1 290 0.780 0.796 
Morphology alone and combined morphological and molecular data (with and without indels, complete taxa) 
 
Morphology morphComp 110        47 NA NA NA    44 94  50 000       253 0.348 0.569 
ITS + morphology ITSmorphComp 110      751 NA 194 26  274 36  50 000    1 300 0.562 0.666 
Chloroplast (without 
indels) + morphology 
CHLOMORPHComp 110   1 932 NA 229 12  204 10         58       795 0.638 0.650 
Chloroplast (with 
indels) + morphology 
CHLOiMORPHComp 110   1 960 NA 229 12  207 11         29       780 0.642 0.688 
ITS + chloroplast 
(without indels) + 
morphology 
MOLMORPHComp 110   2 636 NA  420  16  453 17 50 000    2 162 0.580 0.660 
ITS + chloroplast 
(with indels) + 
morphology 
 
 
 
MOLiMORPHcomp 110   2 664 NA  458  17  481 18 50 000    2 301 0.557 0.644 
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Data set Data set code No. 
of 
taxa 
Character information Parsimony 
No. of 
characters 
No. of 
Indels 
scored 
 Variable characters Parsimony 
informative  
characters 
Equally 
parsimonious 
trees 
Parsimony score and statistics 
 No. % No. % No. Tree 
length 
CI RI 
Morphology alone and combined morphological and molecular data (with and without indels, reduced T. loliiformis  sampling) 
 
Morphology morphRed2 36      47 NA NA NA 44 94        427   229 0.415 0.561 
Morphology (qualitative 
characters only) 
morphqualiRed2 36      36 NA NA NA 35 97     500   250 0.560      0.511 
Morphology 
(reproductive characters 
only) 
morphrepRed2 36      31 NA NA NA 28 90 50 000   221 0.356 0.298 
Morphology (vegetative 
characters only) 
morphvegRed2 36       16 NA NA NA 16 100 50 000   203 0.398 0.399 
ITS + morphology ITSMORPHRed2   NA         
Chloroplast (without 
indels) + morphology 
CHLOMORPHRed2 34 1 932 NA 200 10 189 10        58   811 0.576 0.623 
Chloroplast (with indels) 
+ morphology 
CHLOiMORPHRed2 34 1 960 NA 229 12 204 10        29   795 0.642 0.688 
ITS + chloroplast 
(without indels) + 
morphology 
MOLMORPHRed2 37 2 636 NA 390 15 401 15         35 1 600 0.599 0.620 
ITS + chloroplast (with 
indels) + morphology 
MOLiMORPHRed2 37 2 664 NA 413 16 421 16  26 1 675 0.662 0.710 
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Table 4.4.  Nodes found in the strict consensus trees obtained from maximum parsimony 
analyses of individual and combined molecular and morphological data sets. 
Node Description (taxa included) 
1 Tripogon + Eragrostiella + Oropetium  
 
2 Tripogon + Oropetium 
 
3 Eragrostiella bifaria + Eragrostiella leioptera 
 
4 Oropetium capense + Oropetium minimum + Oropetium thomaeum 
 
5 Asian Tripogon  
 
6 American Tripogon 
 
7 Australian Tripogon 
 
8 Four accessions of the Australian Tripogon (Columbus 5092 + Fabillo 036 + 
Fabillo 027 + Fabillo 029) 
 
9 Asian Tripogon + New Guinea Tripogon 
 
10 Asian Tripogon + New Guinea Tripogon + Oropetium 
 
11 Asian Tripogon + New Guinea Tripogon + Oropetium + African Tripogon (T. 
major) 
 
12 Asian Tripogon + Oropetium 
 
13 Asian Tripogon + Oropetium + African Tripogon (T. major) 
 
14 Asian Tripogon + African Tripogon (T. multiflorus) 
 
15 Australian Tripogon + American Tripogon +African Tripogon (T. minimus) + 
New Guinea Tripogon 
 
16 Australian Tripogon + American Tripogon, African Tripogon (T. minimus)  
 
17 Australian Tripogon, American Tripogon, African Tripogon (T. minimus),  
Eragrostiella 
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Table 4.5.  Statistical support for the nodes found in strict consensus trees obtained through analyses of the individual and combined data sets 
(complete taxa, taxa with no missing data and reduced taxa).  Nodes that do not exist for some data sets are indicated as NA (not applicable).  
See table 4.3 for definition/description of each node. 
Data set  Node support (1
st
 line – maximum parsimony bootstrap, 2nd line – maximum likelihood bootstrap, 3rd line – Bayesian 
posterior probability 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Individual molecular data  (with and without indels, complete taxa) 
 
ITScomp 100 
95 
99 
NA 76 
75 
78 
100 
98 
100 
NA NA NA -- 
-- 
75 
NA NA NA NA -- 
80 
94 
90 
80 
95 
100 
95 
96 
 
NA NA 
ndhFcomp 100 
100 
100 
NA NA 100 
100 
100 
NA NA NA -- 
-- 
78 
79 
75 
88 
90 
95 
96 
96 
88 
98 
NA NA NA NA 79 
75 
88 
78 
77 
95 
 
ndhFicomp 100 
98 
100 
NA NA 100 
99 
100 
NA NA NA -- 
75 
88 
81 
80 
95 
90 
94 
98 
98 
92 
99 
NA NA NA NA 94 
90 
96 
78 
75 
88 
 
trnLintroncomp 100 
98 
100 
NA NA NA 72 
70 
88 
-- 
-- 
72 
 
NA NA NA NA NA NA NA NA NA NA NA 
trnLintronicomp 100 
96 
100 
NA NA NA 77 
70 
89 
-- 
-- 
75 
 
 
 
 
NA NA NA NA NA NA NA NA NA NA NA 
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Data set  Node support (1
st
 line – maximum parsimony bootstrap, 2nd line – maximum likelihood bootstrap, 3rd line – Bayesian 
posterior probability 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
trnLFspacercomp 100 
99 
100 
NA NA NA NA NA NA NA NA NA NA -- 
72 
85 
-- 
70 
88 
NA NA -- 
75 
90 
 
NA 
trnLFspacericomp 100 
95 
100 
 
NA NA NA NA NA NA NA NA NA NA -- 
85 
90 
76 
70 
80 
NA NA 90 
88 
95 
NA 
Combined molecular data (with and without indels, complete taxa) 
 
CHLOcomp 100 
90 
99 
NA NA 95 
92 
98 
NA -- 
71 
78 
NA -- 
71 
88 
76 
70 
80 
82 
78 
90 
83 
80 
95 
NA NA NA NA -- 
75 
90 
-- 
70 
88 
 
CHLOicomp 100 
98 
98 
NA NA 94 
90 
98 
NA 70 
-- 
88 
NA -- 
75 
89 
76 
70 
84 
80 
75 
87 
81 
78 
89 
 
NA NA NA NA 70 
-- 
84 
-- 
-- 
90 
MOLcomp 100 
95 
100 
NA 82 
78 
85 
97 
90 
100 
NA 74 
70 
86 
NA NA NA NA NA 83 
77 
89 
77 
70 
92 
92 
87 
98 
79 
70 
90 
 
NA NA 
MOLicomp 100 
98 
99 
NA 85 
81 
90 
98 
90 
99 
NA 75 
72 
87 
NA NA NA NA NA 84 
80 
88 
80 
78 
95 
94 
90 
97 
80 
76 
92 
 
 
 
NA NA 
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Data set  Node support (1
st
 line – maximum parsimony bootstrap, 2nd line – maximum likelihood bootstrap, 3rd line – Bayesian 
posterior probability 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Combined molecular data (with and without indels, taxa reduced to no missing data) 
 
CHLORed1 100 
95 
100 
NA NA 100 
100 
100 
100 
100 
100 
75 
80 
80 
NA 92 
95 
98 
NA NA NA 98 
93 
100 
99 
100 
100 
NA NA 100 
95 
100 
78 
80 
90 
 
CHLOiRed1 100 
99 
100 
NA NA 100 
99 
100 
NA 76 
72 
78 
NA 90 
80 
98 
NA NA NA 99 
95 
100 
NA NA NA 100 
92 
100 
78 
74 
89 
 
MOLRed1 100 
98 
100 
NA NA 100 
94 
100 
NA 75 
70 
85 
87 
80 
88 
96 
92 
98 
NA NA NA 98 
80 
90 
98 
98 
100 
100 
98 
100 
NA 90 
85 
95 
73 
-- 
-- 
 
MOLiRed1 100 
96 
100 
 
NA NA 100 
96 
99 
NA 76 
-- 
82 
71 
-- 
87 
90 
85 
97 
NA NA NA 99 
90 
100 
99 
95 
100 
100 
100 
100 
NA 100 
95 
99 
78 
75 
89 
Individual molecular data (with and without indels, reduced T. loliiformis  sampling,) 
 
 
ITSRed2 89 
100 
100 
NA 77 
75 
88 
100 
100 
100 
 
 
 
NA NA NA 70 
77 
84 
 
 
 
 
 
NA NA NA NA -- 
81 
99 
91 
94 
100 
100 
98 
100 
 
NA NA 
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Data set  Node statistical support (1
st
 line – maximum parsimony bootstrap, 2nd line – maximum likelihood bootstrap, 3rd line – 
Bayesian posterior probability 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
ndhFRed2 99 
98 
100 
NA NA 100 
97 
100 
NA NA NA 89 
84 
98 
80 
95 
98 
90 
78 
95 
98 
98 
99 
NA NA NA NA 84 
95 
99 
73 
-- 
95 
 
                  
ndhFiRed2 100 
100 
100 
NA NA 100 
100 
100 
NA NA NA 91 
86 
100 
78 
98 
100 
92 
81 
98 
98 
98 
100 
NA NA NA NA 100 
97 
100 
78 
72 
97 
 
trnLintronRed2 94 
-- 
70 
-- 
70 
75 
NA -- 
-- 
80 
77 
85 
98 
NA -- 
-- 
70 
-- 
-- 
95 
NA NA NA -- 
70 
89 
-- 
80 
95 
NA NA 85 
-- 
85 
 
NA 
trnLintroniRed2 97 
-- 
78 
70 
73 
78 
NA 90 
-- 
-- 
75 
91 
100 
NA -- 
-- 
74 
-- 
-- 
98 
NA NA NA -- 
75 
92 
75 
-- 
-- 
NA NA 88 
-- 
83 
 
NA 
trnLFspacerRed2 99 
99 
99 
NA NA -- 
80 
70 
NA NA NA NA NA NA NA -- 
70 
-- 
-- 
70 
80 
NA NA -- 
90 
-- 
 
NA 
trnLFspaceriRed2 98 
99 
99 
NA NA 83 
-- 
-- 
NA NA NA NA NA NA NA -- 
76 
-- 
-- 
75 
82 
 
 
 
NA NA -- 
92 
-- 
 
 
 
NA 
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Data set  Node statistical support (1
st
 line – maximum parsimony bootstrap, 2nd line – maximum likelihood bootstrap, 3rd line – 
Bayesian posterior probability 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Combined molecular data (with and without indels, reduced T. loliiformis  sampling) 
 
CHLORed2 83 
95 
98 
NA NA 93 
100 
100 
NA 72 
70 
88 
70 
-- 
95 
90 
85 
95 
83 
80 
99 
74 
96 
98 
71 
75 
98 
NA NA NA NA -- 
92 
95 
-- 
-- 
90 
 
CHLOiRed2 99 
100 
99 
NA NA 99 
100 
100 
NA 80 
78 
86 
75 
80 
99 
99 
98 
100 
88 
100 
100 
99 
97 
97 
97 
100 
100 
NA NA NA NA 99 
98 
99 
-- 
-- 
98 
 
MOLRed2 96 
94 
98 
NA 80 
81 
73 
98 
99 
99 
NA 85 
78 
89 
NA 95 
92 
90 
NA NA NA 90 
91 
95 
97 
94 
99 
97 
97 
99 
96 
94 
99 
 
NA NA 
MOLiRed2 97 
99 
100 
NA 80 
82 
74 
100 
100 
100 
NA 85 
80 
90 
NA 100 
90 
85 
NA NA NA 93 
90 
91 
100 
100 
100 
99 
98 
99 
98 
95 
100 
 
NA NA 
Morphology (complete taxa) 
 
morphcomp 90 
88 
95 
NA NA 95 
95 
98 
 
 
 
 
 
NA NA NA NA NA NA NA NA NA NA NA NA NA 
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Data set  Node statistical support (1
st
 line – maximum parsimony bootstrap, 2nd line – maximum likelihood bootstrap, 3rd line – 
Bayesian posterior probability 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Combined morphological and molecular data  (with and without indels,complete taxa) 
 
 
ITSMORPHcomp 77 
70 
88 
NA NA 88 
85 
90 
NA NA NA NA 82 
78 
89 
NA NA NA NA NA 78 
75 
86 
 
 
NA NA 
CHLOMORPHcomp 88 
83 
92 
NA NA 93 
90 
99 
NA NA NA NA 89 
82 
90 
NA NA NA NA NA 78 
75 
92 
 
NA NA 
CHLOiMORPHcomp 90 
88 
95 
NA NA 95 
89 
99 
NA NA NA NA 92 
88 
94 
NA NA NA NA NA 82 
78 
92 
 
NA NA 
MOLMORPHcomp 87 
85 
95 
NA NA 93 
90 
97 
NA NA NA NA NA NA NA NA NA NA 80 
77 
90 
 
NA NA 
MOLiMORPHcomp 90 
88 
97 
NA NA 95 
89 
99 
 
 
 
 
 
 
NA NA NA NA NA NA NA NA NA NA 85 
78 
95 
 
NA NA 
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Data set  Node support (1
st
 line – maximum parsimony bootstrap, 2nd line – maximum likelihood bootstrap, 3rd line – Bayesian 
posterior probability 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Morphology (reduced T. loliiformis sampling) 
 
morphRed2 70 
-- 
90 
NA NA 95 
95 
98 
 
NA NA NA NA NA NA NA NA NA NA NA NA NA 
Combined morphological and molecular data (with and without indels, reduced T. loliiformis  sampling) 
ITSmorphRed2 92 
89 
97 
NA NA 88 
85 
90 
NA NA NA NA 82 
78 
89 
NA NA NA NA NA 78 
75 
86 
 
NA NA 
CHLOMORPHRed2 90 
83 
92 
NA NA 93 
90 
99 
NA NA NA NA 89 
82 
90 
NA NA NA NA NA 78 
75 
92 
 
NA NA 
CHLOiMORPHRed2 95 
89 
97 
NA NA 96 
89 
98 
NA NA NA NA 90 
88 
90 
NA NA NA NA NA 85 
80 
94 
 
NA NA 
MOLMORPHRed2 89 
85 
90 
NA NA 93 
90 
97 
NA NA NA NA NA NA NA NA NA NA 80 
77 
90 
 
NA NA 
MOLiMORPHRed2 95 
89 
96 
NA NA 97 
90 
99 
NA NA NA NA NA NA NA NA NA NA 88 
85 
95 
NA NA 
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Figure 4.1.  Trees showing the overall topology and relationships in Tripogon, Eragrostiella 
and Oropetium. All trees are strict consensus obtained from maximum parsimony analyses 
of the individual and combined molecular data sets with complete taxa.  A) ITS without 
indels, B) ndhF with indels, C) trnL intron with indels, D) trnLF spacer with indels, E) 
chloroplast DNA with indels, and F) chloroplast + nuclear DNA with indels.   Nodes with 
numbers are those with medium to strong statistical support, except the outgroups (see 
Table 4.4 for statistical support). 
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Figure 4.2.  Trees showing the overall topology and relationships in Tripogon, 
Eragrostiella and Oropetium. All trees are strict consensus obtained from maximum 
parsimony analyses of the individual, chloroplast and chloroplast + nuclear DNA data sets 
of reduced taxa (no missing data).  A) CHLOiRed1 – chloroplast DNA with indels and B) 
MOLiRed1 – chloroplast + nuclear DNA with indels. Nodes with numbers are those with 
medium to strong statistical support, except the outgroups (see Table 4.4 for statistical 
support). 
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Figure 4.3.  Trees showing the overall topology and relationships in Tripogon, Eragrostiella 
and Oropetium. All trees are strict consensus obtained from maximum parsimony analyses of 
the individual and combined molecular data sets with reduced taxa (few T. loliiformis 
accessions).  A) ITS without indels, B) ndhF with indels, C) trnL intron with indels, D) trnLF 
spacer with indels, E) chloroplast DNA with indels – tree A, and F) chloroplast + nuclear DNA 
with indels – tree B.   Nodes with numbers are those with medium to strong statistical 
support, except the outgroups (see Table 4.5 for statistical support). 
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Figure 4.4.  Trees showing the overall topology and relationships in Tripogon, 
Eragrostiella and Oropetium. All trees are strict consensus obtained from maximum 
parsimony analyses of the morphology alone and combined morphological and 
molecular data sets with reduced taxa.  A) morphology, B) morphology + ITS 
without indels, C) morphology + chloroplast DNA with indels) and  D) morphology 
+ chloroplast + nuclear DNA with indels.  Nodes with numbers are those with 
medium to strong statistical support, except the outgroups (see Table 4.5 for 
statistical support). 
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Figure 4.5.  Strict consensus of 13,990 trees obtained from maximum parsimony analysis of 
the chloroplast + indels data set with reduced taxa.  Numbers in shaded circles are 
designated codes for all the nodes with medium or strong support, except the outgroups 
(similar to Fig. 4.3E).  Bootstrap support (maximum parsimony/maximum likelihood) are 
shown above the nodes and Bayesian posterior probabilities below the nodes.    Length 570; 
CI 0.760; RI 0.792.   
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Figure 4.6.  Phylogram obtained from Bayesian inference of the chloroplast + indels 
data  set with reduced taxa.  Numbers in shaded circles are designated codes for all the 
nodes with medium or strong support, except the outgroups (similar to Fig. 4.3F).  
Posterior probabilities are shown above the nodes. 
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Figure 4.7.  Agreement subtree obtained from the 13,990 trees produced by 
parsimony analysis of the chloroplast + indels data set with reduced taxa.  Numbers in 
shaded circles are designated codes for all the nodes that have retained the same 
constituent species as the strict consensus tree.  Node values obtained from analyses 
of the combined data set for this subset of taxa are bootstrap (maximum 
parsimony/maximum likelihood) above the nodes and Bayesian posterior 
probabilities below the nodes.   
157 
 
 
 
 
Figure 4.8.  Strict consensus of 480 trees obtained from maximum parsimony analysis of 
the chloroplast + nuclear DNA data + indels with reduced taxa.  Bootstrap support 
(maximum parsimony/maximum likelihood) are shown above the nodes and Bayesian 
posterior probabilities below the nodes.    Length 1290; CI 0.780; RI 0.796.   
158 
 
 
 
 
 
 
Figure 4.9.  Phylogram obtained from Bayesian inference of the chloroplast + nuclear 
DNA data + indels with reduced taxa.  Numbers in shaded circles are designated codes 
for all the nodes with medium or strong support, except the outgroups (similar to Fig. 
4.3F).  Posterior probabilities are shown above the nodes. 
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Figure 4.10.  Agreement subtree obtained from the 480 trees produced by 
parsimony analysis of the chloroplast + nuclear DNA data + indels with reduced 
taxa.  Numbers in shaded circles are designated codes for all the nodes that have 
retained the same constituent species as the strict consensus tree. Node values 
obtained from analyses of the combined data set for this subset of taxa are 
bootstrap (maximum parsimony/maximum likelihood) above the nodes and 
Bayesian posterior probabilities below the nodes.   
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Figure 4.11.  Tree B, showing inferred evolution of number of florets in the 
middle spikelet of Tripogon and affiliated genera and outgroups. 
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Figure 4.12.  Tree B, showing inferred evolution of number of anthers in the middle 
spikelet of Tripogon and affiliated genera and outgroups. 
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Figure 4.13.  Tree B, showing inferred evolution of number of anthers in the middle 
spikelet of Tripogon and affiliated genera and outgroups. 
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CHAPTER 5: General Discussion 
 
The aim of this chapter is to provide a comprehensive discussion that links all the key 
findings of the investigations conducted for the thesis (Chapters 2 – 4).  Other 
observations that were obtained in the course of undertaking the three main 
investigations of the research project are also documented in this chapter.  These 
include observations on the gross morphology of the species of Tripogon based on 
herbarium specimens and habitat conditions of localities around Australia where T. 
loliiformis was spotted and sampled. 
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Tripogon is a grass genus of 45 species, of which 14 exhibit desiccation tolerance and 
resurrection capability.  Species are distributed in Africa (including the Arabian 
Peninsula), Americas, Asia (including the island of New Guinea) and Australia.  
Infraspecific variation based on gross morphological features is common in the genus.  
For instance, the widely distributed African species, T. minimus, shows variation in plant 
height and length of the lemma and lemmatal awn (Phillips and Launert 1971).  Another 
African species, T. major, which has a disjunct distribution in the mountains of Africa, 
exhibits variation in the lemma apex (Phillips and Launert 1971).  Infraspecific variation 
is not well-documented in the Asian and American species.  However, personal 
observations of herbarium specimens and ex-situ live specimens from Asia and America 
also revealed infraspecific variation in these species.  For instance, the Indian species, T. 
filiformis, shows significant variation in length of the culm and inflorescence.  The 
widely distributed American species, T. spicatus, exhibits significant variation in length 
of the culm and inflorescence and in the degree of overlap of spikelets in the 
inflorescence.  The widely distributed Australian species, T. loliiformis, exhibits 
variation in the length of inflorescence, degree of overlap of spikelets, length and shape 
of the lemma and length of the lemmatal awns, leading some scientists to suggest that it 
could be multiple species.  The gross morphological variation in T. loliiformis seems 
correlated to geography. 
 
The genus Tripogon was shown to be non-monophyletic in previous subfamily and 
family level phylogenetic studies (Peterson et al. 2010; Grass Phylogeny Working Group 
II 2011). These studies have indicated a close relationship between Tripogon and two 
other genera which also consist of desiccation tolerant grasses, Eragrostiella and 
Oropetium.  Due to limited and varied sampling in the previous studies, it was uncertain 
whether Eragrostiella and Oropetium are nested within or sister to Tripogon. 
 
The aims of the investigations conducted for the present research project were 1) to 
differentiate species of Tripogon and affiliated genera based on leaf structure; 2) to 
differentiate species of Tripogon and affiliated genera based on inflorescence 
morphology; and 3) to reconstruct the phylogeny of Tripogon and affiliated genera 
using molecular and morphological data.  Special reference was made to the highly 
variable and unstudied Australian species, T. loliiformis. 
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Leaf structure and inflorescence morphology  
Tripogon, Eragrostiella and Oropetium differ in gross morphological features, such as 
plant height, shape and length of the spikelet and feaures of the lemma.  However, these 
genera share similar leaf blade anatomy and leaf and lemma micromorphology 
(Chapters 2 – 3 of this thesis).  When assessing leaf characters of Tripogon, it is 
important to consider that some species, including T. loliiformis, are desiccation tolerant 
plants and that leaves respond to water stresses through leaf folding.  This has 
implications on studying leaf anatomy and micromorphology, and consequently, on 
making decisions for selection of characters for taxonomic utility (Ellis 1976; 1979).   
 
Phylogenetic relationships of Tripogon and affiliated genera 
After running several analyses using different optimality criteria (maximum parsimony, 
maximum likelihood and Bayesian inference) and individual and combined molecular 
and morphological data sets, two phylogenetic trees were chosen for inferring the 
phylogenetic relationships of Tripogon and affiliated genera.   The relationships of the 
different species were fairly resolved in these trees and most nodes had medium to 
strong support.  The two trees were strict consensus of several trees obtained from 
chloroplast DNA data and from chloroplast + nuclear DNA data.  These trees have 
similar topology with the other trees generated from the individual molecular data sets 
and from the combined molecular and morphological data sets, but not from the 
morphological data set alone.  The difference in the two trees concerned mainly the 
placement of Eragrostiella and the New Guinea Tripogon and the monophyly of the 
Australian species, T. loliiformis. 
 
Based on the trees generated, Tripogon is not monophyletic.  Oropetium is nested within 
Tripogon, while Eragrostiella is either nested or has an uncertain placement in Tripogon.  
Similarities in leaf anatomy and leaf and lemma micromorphology support this 
relationship.  Tripogon, Eragrostiella and Oropetium share similar morphological 
characters, including leaf anatomy with mesophyll features that are predictive of a NAD-
ME pathway of C4 photosynthesis, and leaf and lemma surface features that include Ω-
shaped long cell outline, dome-shaped or triangular subsidiary cells, chloridoid type 
bicellular micro-hairs and the absence of papillae on the abaxial leaf surface (Chapter 
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2).  The morphology of the inflorescence, spikelet and floret varies remarkably.  For 
instance, Eragrostiella is characterised by the absence of lemmatal awns, whereas 
species of Tripogon have one or three lemmatal awns. Oropetium is always one-awned.  
Oropetium is morphologically distinct from Tripogon and Eragrostiella in having only 
one or two florets per spikelet.  Eragrostiella and Tripogon possess more than two 
florets per spikelet.  Additionally, Oropetium has glumes that are always longer than the 
florets, while Tripogon and Eragrostiella have glumes that are always shorter than the 
florets. Due to remarkable morphological similarities (e.g., glabrous lemma with awned 
tip, hairy callus, rachilla extension) of Tripogon and Oropetium, it was hypothesised that 
these two genera possibly share a common ancestor (Phillips 1975).  One of the species 
of Oropetium (O. roxburghianum) was formerly placed in Tripogon and another one (O. 
africanum) is now an accepted species of Tripogon (T. africanus) (The Plant List 2014). 
 
Species of Tripogon and affiliated genera fall under two big clades. Clade 1 is composed 
of the African, American and Australian species of Tripogon.  Clade 2 consists of 
Oropetium and the African and Asian species of Tripogon.  These two clades are sister to 
each other. Adding more taxa (e.g., more species of Tripogon) may resolve this 
uncertainty.  Eragrostiella forms a polytomy with Clade 1 or with both Clades 1 and 2.  
The affiliation of the African species (T. minimus), American species (T. spicatus + T. 
ekmanii) and Australian species (T. loliiformis) in Clade 1 provides phylogenetic 
evidence to previous claims that T. spicatus, T. minimus and T. loliiformis may be closely 
related (Rúgolo de Agrasar and Vega 2004; Palmer and Weiller 2005).  However, the 
relationship within this clade is uncertain, as shown by the polytomy formed by the 
species.  Adding more American and African species of Tripogon may improve the 
resolution of this clade. 
 
The American species 
There are three recognised species of American Tripogon, namely, T. spicatus, T. ekmanii 
and T. nicorae (The Plant List 2014). Tripogon spicatus is distributed from southwestern 
U.S.A. to Central America, and widespread in South America.  Tripogon ekmanii is 
restricted to Argentina, Paraguay, and Uruguay.  Tripogon nicorae is a recently named 
new species from Ecuador, Peru, Bolivia, Chile, and Argentina (Rúgolo de Agrasar and 
Vega 2004).  This present study included two out of these three species, T. spicatus from 
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Chile and T. ekmanii from Paraguay.  In the absence of a specimen for T. nicorae, it is 
difficult to determine the relationship of the three species.  However, this present study 
shows that the American species form a monophyletic group. 
 
This study provides phylogenetic evidence to previous claims that T. spicatus, T. 
minimus and T. loliiformis maybe closely related (Rúgolo de Agrasar and Vega 2004; 
Palmer and Weiller 2005).  These species share similarities in leaf anatomy, especially 
those related to the range in number of vascular bundles.  Observations in Chapter 2 
concur with this.  When mapped on the Tripogon phylogenetic tree, however, most of 
these leaf anatomical and leaf and lemma micromorphological characters overlap 
among other species of Tripogon, including T. ekmanii, and some Asian species, 
indicating homoplasy in these morphological characters used.    
  
The African species 
Currently, there are 11 recognised species of African Tripogon.  Out of these, three were 
sampled in the present study namely, T. major, T. minimus and T. multiflorus.  The 
phylogenetic trees show that the African species of Tripogon do not form a 
monophyletic group.  Tripogon minimus falls into Clade 1, along with the Australian and 
the American species.  Tripogon multiflorus and T. major fall within Clade 2.  Tripogon 
multiflorus is nested within the Asian species, while T. major is sister to Oropetium + 
Asian species (with T. multiflorus).  In their comprehensive description of the African 
species of Tripogon, Phillips and Launert (1971) described T. minimus as the smallest 
among the African Tripogon and can easily be identified from the rest of the species.  In 
addition, it was noted that T. minimus is widespread in distribution.  Phillips and 
Launert (1971) described two forms of T. minimus based on lengths of the lemmatal 
awn and spikelet.  The smaller ones have 6-mm long spikelets, while the tall ones have 
8-mm long spikelets.  In the present study, the short-spikelet form was used.  It was 
observed that by looking at gross morphology, it is difficult to distinguish T. minimus 
from T. spicatus and T. loliiformis.  The long-spikelet form of T. minimus is decribed as 
more similar, and in fact difficult to distinguish, from another African species, T. 
leptophyllus (Phillips and Launert 1971).   
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Just like T. minimus, T. major is a variable grass that is distributed in widely scattered 
mountain localities across tropical Africa. It is believed that as often found in taxa with 
similar distribution pattern, the separate populations differ from each other in various 
minor characters (e.g., length of lemma and lemmatal awns).  For this reason, several 
samples of T. major, representing different mountain regions in Tropical Africa, were 
previously named as different species (Phillips and Launert 1971).   
 
The morphological characters that were mapped on the Tripogon phylogenetic trees, do 
not reflect or provide patterns that could explain the placement and affiliation of the 
African species.   
 
The Asian species 
There are 32 recognised species of Tripogon in Asia.  Of these, eight were used for the 
present study.  The majority of the Asian species is found in India and China.  
Newmaster and Ragupathy (2010) created classification trees for Indian Tripogon by 
combining cluster analysis results of morphology with sequence data.  Phillips and Chen 
(2002) revised and described 10 species of Tripogon in China.  Both of these studies 
referred to different sets of Asian species.  Only two of these were common to the 
present study, creating an entirely different relationship of species.  A more 
comprehensive taxon sampling for the Asian species is required to further understand 
the relationships among the Asian species. 
 
The Asian species, along with either the New Guinea (T. loliiformis) or another African 
species (T. multiflorus) form a group that is sister to Oropetium + T. major (African 
species).  All these taxa exhibit morphological characters that indicate homoplasy.  
Therefore morphological characters are not informative as indicators of phylogenetic 
relationships.  Based on morphological characters, Asian Tripogon are usually medium-
sized plants, compared to the small ones from Australia and America.   Features of the 
inflorescences are variable within this group and the only morphological characters that 
unite these taxa are those related to the mesophyll and leaf micromorphology.  
However, these same characters are also exhibited by the rest of the species of 
Tripogon.   
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The New Guinea species 
One interesting result from the analysis of the ndhF data set is that T. loliiformis from 
New Guinea is nested within the Asian Tripogon.  Based on morphological characters, 
Asian Tripogon are usually medium-sized plants, compared to the small ones from 
Australia and America.   Features of the inflorescences are variable within this group 
and the only morphological characters that unite these taxa are those related to the 
mesophyll and leaf micromorphology.  These characters are also exhibited by other 
non-Asian species, therefore, it is not possible to attribute the affiliation of the New 
Guinea species with the Asian species to morphology. The alternative result as shown 
by chloroplast + nuclear data is that T. loliiformis from New Guinea are real T. loliiformis 
species.  Personal observation of the gross morphology of the New Guinea herbarium 
sample shows that the New Guinea species looks similar to the rest of the Australian T. 
loliiformis.  Similarities in morphology may provide evidence of the affiliation of the 
New Guinea species to the Australian species.  Phylogenetic studies involving more 
samples of the New Guinea species are recommended. 
 
The Australian species 
Multiple accessions of T. loliiformis sampled across its geographic range are 
monophyletic (chloroplast DNA data) or not monophyletic (chloroplast + nuclear DNA 
data).  The multiple accessions of T. loliiformis form polytomies. Although there are 
obvious gross morphological characters that allow grouping of T. loliiformis (e.g., length 
of inflorescence, length and overlap of spikelet and length of lemma), the two 
phylogenetic trees do not support the grouping based on these morphological 
characters.  A group composed of four accessions (Fabillo 027, Fabillo 029, Fabillo 036, 
Columbus 5092) was consistently recovered in most analyses using different data sets.  
This small clade of T. loliiformis accessions falls within Clade 1 and forms polytomy with 
the other T. loliiformis accessions and African and American species.  There are no 
morphological characters that are unique to these four accessions, which were collected 
from the eastern side of Australia (Queensland and Victoria, Table 4.1).  Although soil 
analyses were not undertaken, from personal observations, descriptions of habitat from 
the herbarium specimens and with the use of the online Queensland regional ecosystem 
mapping facility (https://environment.ehp.qld.gov.au/regional-ecosystems/), it could 
be inferred that these four accessions, came from habitats of less fertile rhyolite soil. 
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However, this soil is not unique to the localities from where these four accessions were 
collected.  Most of the accessions that were collected from Queensland, Victoria and 
New South Wales would possibly be from rhyolite soil.  Habitat and soil may not be the 
driving factor for the grouping of these four accessions.  Phylogenetic study involving 
additional more samples from within the localities where the four accessions were 
obtained is recommended.  In general, the results of this study do not warrant the 
splitting of the Australian species of Tripogon.  Population genetic studies that could 
determine level of genetic variation and the potential for differences in gene regulation 
are recommended. 
 
Phenotypic plasticity in Tripogon 
The infraspecific variation that is observed in Tripogon, most specifically in T. loliiformis, 
could be attributed to phenotypic plasticity rather than genotypic variability.  
Phenotypic plasticity in T. loliiformis may be correlated to habitats.  Based on personal 
observations and notes written on herbarium sheets of all specimens examined, a 
consistent pattern in habitat emerges (Table 1.1).  Tripogon loliiformis has a limited 
habitat preference of generally rocky outcrops – implying very little soil.  Other species 
of Tripogon were collected from either rocky outcrops or a vertisol like swamp (Table 
1.1). These habitats would be difficult ones for survival of any plant.  In the absence of 
chemical tests on soil samples from where T. loliiformis samples were collected, it could 
be inferred based on habitat type that species of Tripogon are generally found in harsh 
low productivity environments where few other species could survive.  Soil layers in 
swamps are either saturated generally or dry and cracking and tend to be high in salts 
and other potentially toxic elements, making it difficult for plants to maintain osmotic 
differences.  Based on this condition, species of Tripogon can be classified as stress 
tolerant plants (Grime 1988).  Plants that are usually exposed to stress (e.g., nutrients, 
water) respond to this by altering some morphological characters (Garnier 1998).  
Morphological characters in grasses that are vulnerable to plasticity may vary.  For 
instance, characters related to ratios representing shapes and relative sizes of the 
spikelet are generally of high genotypic variability and low plasticity.  On the other 
hand, simple measurements (e.g., length, width) are prone to plasticity and should 
therefore be avoided when choosing morphological characters for phylogenetic 
analyses (Davis 1983).  Most of the characters that vary among accessions of Tripogon 
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loliiformis are those that pertain to the length of the spikelets, lemma, and lemmatal 
awns (Chapter 3).  In the phylogenetic analyses of morphological data, data sets with 
and without quantitative characters from simple measurements were included (Table 
4.3).  The phylogenetic trees obtained from both data sets did not show any significant 
difference in tree topology, resolution and node support.  These trees from the 
morphological data sets (e.g., Fig. 4.4A) were not similar to the fairly resolved trees 
obtained from the molecular data sets (e.g., Figs. 43E – F). 
 
Plasticity in Tripogon was commonly observed in T. loliiformis.  During field sampling in 
sites that have not been explored in previous T. loliiformis collection, plants appeared 
dry and pigmented and seemed dead, especially if there had been no rainfall before the 
collection time.  For instance, samples that were obtained along the granite belt of 
Western Australia (e.g., Mt. Magnet) that were collected in Mid-September of 2012 
(during very hot and dry weather conditions) showed these features (Fig. 5.1A).  When 
vouchers for these plants in situ were prepared, the descriptions of these plants 
included a height that was usually within the range of 3 – 10 cm.  The inflorescences 
were short, and the spikelets from the base to the tip of the inflorescences showed 
overlapping (Fig. 5.1).  Plants from the eastern side of Australia (e.g., Wildhorse 
Mountain and Mt. Peregian in Queensland) which were collected in various months (dry 
and rainy season) appeared pigmented or green depending on the amount of moisture 
present.  Vouchers from these plants showed height ranging from 5 – 15 cm (Fig. 5.1B).  
The inflorescences were longer than those from Western Australia and the spikelets 
ranged from distant to slightly overlapping.  When all samples from the field were 
grown in the same soil and placed in the same area (growing chamber and greenhouse 
facility at Queensland University of Technology), the height of all plants reached up to 
25 cm, heights that were never observed in most samples that were obtained directly  
from the field.  Additionally, the differences in the length of inflorescences and the 
degree of overlap of spikelets that were usually observed from the western and eastern 
sides of Australia were no longer apparent (Fig. 5.1C).  It is possible that the variability 
observed among T. loliiformis plants in previous studies (e.g. Nicolson 1978, as cited in 
Gaff 1981; Palmer and Weiller 2005) may in fact be due to plasticity.  To reduce the 
effects of varying environmental conditions, leaves from ex situ live plants (when 
available) were used for studying leaf anatomy and leaf and lemma micromorphology 
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(Chapters 2 – 3).  Leaf samples for DNA extraction were usually obtained from both live 
or silica gel-dried samples.  These observations were based purely on samples that were 
obtained from 45 different sampling sites.  There are more than 1000 herbarium 
samples for T. loliiformis, representing more than a hundred localities.  The plasticity 
explanation on the morphological forms of T. loliiformis remains a hypothesis unless 
physiological studies involving controlled environmental conditions and more samples 
are carried out. 
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Figure 5.1.  Morphological forms of T. loliiformis in situ and ex-situ plants .  A) in situ 
plant from Mt. Magnet, Western Australia (Fabillo 003-BRI); B) in situ plant from 
Wildhorse Mountain, Queensland (Fabillo 027-BRI); C) ex-situ plant from both the western 
(left) and eastern parts of Australia (Fabillo 003 and Fabillo 027).  Note: Insets show the 
details of the overlap of spikelets in the inflorescences. 
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CHAPTER 6: General Conclusions and 
Recommendations 
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6.1. General conclusions 
This research provides new knowledge on the morphology and phylogenetics of 
Tripogon and affiliated genera.  The main observations from all the investigations 
conducted for Tripogon, Eragrostiella and Oropetium show that  
 
1. Majority of the leaf anatomical and micromorphological characters is similar 
between species of Tripogon, among multiple accessions of T. loliiformis from 
Australia and among Tripogon, Eragrostiella and Oropetium.  Most of the 
characters that are similar are those that are indicative of C4 photosynthesis 
and desiccation tolerance.  
 
2. Inflorescence morphology varies markedly among species of Tripogon, within 
T. loliiformis, and among Tripogon, Eragrostiella and Oropetium, while lemma 
micromorphology is similar in all species studied.  The variation in 
inflorescence morpholology is mostly related to the length of inflorescence, 
spikelet and lemma. 
 
3. Two fairly resolved phylogenetic trees for Tripogon and affiliated genera 
were reconstructed from chloroplast DNA sequence data and chloroplast + 
nuclear DNA sequence data.  Morphological data related to leaf structure and 
inflorescence morphology that were used to analyse the phylogeny of 
Tripogon did not provide substantial change in tree topology, clades and 
species relationship and node support.  The phylogenetic trees show that 
Tripogon is not monophyletic.  Oropetium is nested within Tripogon.  
Eragrostiella is either nested or has uncertain placement within Tripogon. 
The multiple accessions of Tripogon do not form multiple clades that would 
warrant splitting of the species. 
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6.2. Recommendations 
The current study adds significantly to the existing body of knowledge about the leaf 
structure, inflorescence morphology and phylogeny of Tripogon and affiliated genera.  
Further phylogenetic studies involving more taxa and more DNA regions are needed to 
resolve some relationships that remain ambiguous in the present phylogenetic trees 
that were developed.  With a fairly resolved phylogenetic tree, it would be possible to 
evaluate existing morphological, anatomical, and other data in a phylogenetic context, to 
gain new insights into character evolution and biogeography.   
 
Some findings of this research study generated interesting, yet ambiguous results, 
indicating specific areas for continuing investigations.   For example,  
1. Phylogenetic study of the genus Tripogon that will include all eight recognised 
species of Eragrostiella, six species of Oropetium and all 45 species of Tripogon, 
including more than one accession of Tripogon from New Guinea.  Other variable 
non-coding regions and parsimony informative coding regions of the DNA should 
be used.  This study could simultaneously address or verify the monophyly of 
Eragrostiella, Oropetium and the African and Asian Tripogon. 
 
2. Population genetic studies that could potentially provide more information on 
the variability that is observed in T. loliiformis.  Population genetic studies could 
be beneficial by determining level of genetic variation and the potential for 
differences in gene regulation. 
 
3. Studies to identify morphological synapomorphies for clades within Tripogon 
and affiliated genera.  Leaf and inflorescence characters that were found to be 
variable (e.g., lamina outline, shape of silica cells, number of vascular bundles) 
should be examined using broader sampling.  Future research should also focus 
on examining characters of the chromosomes (e.g., number and morphology) as 
this is one aspect of Tripogon that has not been explored thoroughly in previous 
studies. 
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Appendices 
 
         Appendix 1. Morphological characters used in previous taxonomic studies/revision to differentiate species of Tripogon in different   
         geographic regions (continents). 
Characters Character states Africa 
(Phillips & 
Launert 
1972) 
America 
(Rúgolo de 
Agrasar 2004) 
Africa: 
Arabia 
(Cope 1992) 
Asia:China 
(Phillips & 
Chen 2002) 
Asia:India 
(Newmaster et 
al. 2008; 
Chorghe et al. 
2014) 
Asia:Thailand 
(Veldkamp & 
Phillips 2003) 
Duration (0) annual, (1) perennial 
 
X X X X  X 
Culm sheath length measurement  (cm) 
 
X X X X  X 
Culm length  measurement  (cm) 
 
X  X   X 
Ligule structure  (0) eciliate membrane, (1) ciliolate membrane, (2) 
ciliate membrane (3) a fringe of hairs, (4) absent 
 
X X X X  X 
Leaf blade shape (0) linear, (1) ovate, (2) filiform 
 
X X X X  X 
Leaf blade length  measurement  (cm) 
 
X  X X  X 
Leaf blade width  measurement  (mm) 
 
X  X X  X 
Leaf blade surface 
indumentum 
(0) glabrous, (1) hirsute, (2) sparsely pilose, (3) 
densely pilose 
 
X X X X  X 
Leaf sheath texture (0) with dense woolly hairs on the shoulders, (1) 
glabrous 
 
X X X X X  
Inflorescence type (0) raceme, (1) panicle 
 
X X X X X X 
Inflorescence length  measurement  (cm) 
 
X  X X  X 
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Characters Character states Africa 
(Phillips & 
Launert 
1972) 
America 
(Rúgolo de 
Agrasar 2004) 
Africa: 
Arabia 
(Cope 1992) 
Asia:China 
(Phillips & 
Chen 2002) 
Asia:India 
(Newmaster et 
al. 2008; 
Chorghe et al. 
2014) 
 
Asia:Thailand 
(Veldkamp & 
Phillips 2003) 
Glumes -shape similarity (0) similar, (1) not similar) 
 
X X X X  X 
Lower glume shape (0) oblong, (1) lanceolate, (2) linear, (3) ovate 
 
X  X X  X 
Lower glume length  measurement (mm) X  X X   
        
Upper glume shape (0) lanceolate,  (1) oblong, (2) linear, (3) elliptic 
 
X X X X  X 
Upper glume length  measurement (mm) 
 
  X X   
Upper glume awn (0) mucro, (1) absent 
 
X  X X X X 
Spikelet shape (0) lanceolate, (1) elliptic, (2) oblong, (3) cuneate, 
(4) linear 
 
X X X X  X 
Spikelet length  Measurement (mm) 
 
X  X X   
Spikelet overlap (0) not overlapping, (1)overlapping 
 
  X X X X 
Number of florets in the 
spikelet 
 
(0) one, (1) two, (2) more than two    X X X 
Rachilla internode 
length  
 
measurement (mm) 
 
X  X X  X 
Number of fertile florets number 
 
X X X X  X 
Number of anthers  (0) one, (1) two, (2) three, (3) many 
 
 X   X X 
Anther length  measurement (mm) 
 
 
  X X X X 
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Characters Character states Africa 
(Phillips & 
Launert 
1972) 
America 
(Rúgolo de 
Agrasar 2004) 
Africa: 
Arabia 
(Cope 1992) 
Asia:China 
(Phillips & 
Chen 2002) 
Asia:India 
(Newmaster et 
al. 2008; 
Chorghe et al. 
2014) 
 
Asia:Thailand 
(Veldkamp & 
Phillips 2003) 
Caryopsis length  measurement (mm) 
 
X  X X X X 
Fertile lemma shape (0) linear lanceolate, (1) oblong X X X X  X 
Fertile lemma length  measurement (mm) 
 
X X X X  X 
        
Fertile lemma keel 
prominence 
 
(0) slightly keeled, (1) rounded X X X X  X 
Lemma length  measurement (mm)   X X  X 
Lemma width  measurement (mm) X  X X X X 
Lemma shape (0) elliptic, (1) lanceolate, (2) oblong, (3) ovate 
 
X X  X X X 
Lemma apex (0) acuminate, (1) acute X X X X  X 
Lemma texture (0) firmly membranous, (1) thinly membranous X X  X X X 
Lowest lemma (0) empty, (1) bisexual X X X X  X 
Callus (0) pilose, (1) pubescent 
 
X X X X  X 
Lemma midvein  (0) extended into a mucro, (1) extended into an 
awn 
 
X  X  X X 
Number of lemmatal 
awns 
 
(0) one, (1) three, (2) five, (3) absent X X X X  X 
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Characters Character states Africa 
(Phillips & 
Launert 
1972) 
America 
(Rúgolo de 
Agrasar 2004) 
Africa: 
Arabia 
(Cope 1992) 
Asia:China 
(Phillips & 
Chen 2002) 
Asia:India 
(Newmaster et 
al. 2008; 
Chorghe et al. 
2014) 
 
Asia:Thailand 
(Veldkamp & 
Phillips 2003) 
Median awn length (0) equal to the lemma, (1) longer than the 
lemma, (2) shorter than the lemma, (3) absent 
 
X X X   X 
Palea of lower florets (0) lacking or highly reduced, (1) well-developed) 
 
X X X X  X 
Palea length  measurement (mm) 
 
X  X X X X 
        
Palea width  measurement (mm) 
 
X  X X X X 
Lemma surface-long cell 
outline  
(0) straight, (1) deeply undulating (omega-
shaped), (2) deeply undulating (U-shaped) 
X  X X X X 
 
Lemma surface-cork cell 
shape  
 
 
(0) absent, (1) semi-circle-shaped, (2) scalariform, 
(3) crescent-shaped, (4) nodular, (5) oblong 
 
X 
 
 
 
X 
 
X 
 
X 
 
X 
Leaf transverse-midrib (0) slightly higher than the lateral ribs, (1) ca. 2/3 
the height of the lateral ribs, (2) ca. twice as high 
as the lateral ribs 
 
X  X X X X 
Leaf transverse-rib 
vascular bundles 
(0) circular, (1) elliptic X  X X X X 
 
Leaf transverse-
colourless cells 
 
(0) absent, (1) forms complete column from the 
adaxial to the abaxial surface, (2) close to the 
adaxial surface only 
 
 
X 
 
 
 
X 
 
X 
 
X 
 
X 
Ecology (0) high rocky mountain slopes, (1) low prairies 
and swamps, (2) low prairies, savannas, 
xerophytic regions and rocky slopes. 
X  X X X X 
 
Altitude  
 
measurement (m) 
 
 
X 
 
 
 
X 
 
X 
 
X 
 
X 
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Appendix 2.  Character definitions and sources of data for the morphological study of  
  Tripogon and affiliated genera. 
 
Habit 
1. Culm length (0) ≤ 43 cm, (1) > 43 cm. 
2. Ligule (0) eciliate membrane, (1) ciliolate membrane, (2) ciliate membrane (3) a 
fringe of hairs, (4) absent. 
Sources: Clayton et al. 2006 for outgroups, E. leioptera, O. minimum and O. thomaeum; 
own observation for Tripogon, E. bifaria and O. capense. 
Gross morphology of the leaf 
3. Leaf blade length (0) ≤ 22 cm, (1) > 22 cm. 
4. Leaf blade width (0) ≤ 3 mm (1) > 3 mm. 
Sources: Clayton et al. 2006 for outgroups, E. leioptera, O. minimum and O. thomaeum; 
own observation for Tripogon, E. bifaria and O. capense. 
Gross morphology of the inflorescence, spikelet and glume 
5. Inflorescence type (0) raceme, (1) panicle. 
All species of Tripogon, Eragrostiella and Oropetium have raceme inflorescences, but 
this character is variable among other grasses and was retained for consistency in 
character inclusion. 
6. Inflorescence length (0) ≤ 14 cm, (1) >14 cm. 
7. Spikelet length-tip of inflorescence (0) ≤ 8 mm, (1) > 8 mm. 
8. Spikelet length-middle of inflorescence (0) ≤ 16 mm, (1) > 16 mm. 
9. Spikelet length-base of inflorescence (0) ≤ 10 mm, (1) >10 mm. 
10. Spikelet overlap-tip (0) not overlapping, (1) overlapping. 
11. Spikelet overlap-middle (0) not overlapping, (1) overlapping. 
12. Spikelet overlap-base (0) not overlapping, (1) overlapping. 
13. Spikelet shape (0) lanceolate, (1) elliptic, (2) oblong, (3) cuneate, (4) linear. 
14. Glume length in relation to spikelet (0) shorter than spikelet, (1) longer than spikelet, 
(2) same as spikelet. 
15. Lower and upper glume length (0) equal, (1) upper glume is longer than lower glume, 
(2) lower glume is longer than upper glume. 
16. Lower glume shape (0) oblong, (1) lanceolate, (2) linear, (3) ovate. 
17. Lower glume apex (0) truncate, (1) acute, (2) dentate, (4) acuminate, (5) obtuse. 
18. Upper glume shape (0) lanceolate, (1) oblong, (2) linear, (3) elliptic. 
19. Upper glume apex (0) acute, (1) acuminate, (2) obtuse, (3) dentate, (4) truncate. 
20. Number of florets in a spikelet (0) one or two, (2) more than two. 
Sources: Clayton et al. 2006 for outgroups, E. leioptera, O. minimum and O. thomaeum; 
own observation for Tripogon, E. bifaria and O. capense. 
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Gross morphology of the lemma and palea 
21. Lemma midvein (0) extended into a mucro, (1) extended into an awn, (2) absent. 
22. Number of lemmatal awns (0) one, (1) three, (2) absent. 
23. Median awn length (0) equal to the lemma, (1) longer than the lemma, (2) shorter than 
the lemma, (3) absent. 
24. Lemma shape (0) elliptic, (1) oblong, (1) ovate. 
25. Lemma length (0) ≤ 3 mm, (1) >3 mm. 
26. Palea length (0) ≤ 4 mm, (1) > 4mm. 
Sources: Clayton et al. 2006 onwards for outgroups, E. leioptera, O. minimum and O. 
thomaeum; own observation for Tripogon, E. bifaria and O. capense. 
Anther and caryopsis 
27. Number of anthers (0) one, (1) two, (2) three), (3) many.  
28. Length of anthers (0) ≤ 1.5 mm, (1) >1.5 mm. 
29. Length of caryopsis (0) ≤ 1.2, (1) > 1.2 mm. 
Sources: Clayton et al. 2006 onwards for all species of Tripogon and affiliated genera and 
for outgroups. 
Lemma micromorphology 
30. Long cell outline (0) straight, (1) deeply undulating (omega-shaped), (2) deeply 
undulating (U-shaped), (3) V-shaped. 
31. Cork cell shape (0) absent, (1) crescent-shaped, (2) nodular, (5) oblong 
32. Silica cell shape (0) absent, (1) saddle-shaped, (2) dumbbell-shaped, (3) cross-shaped. 
33. Subsidiary cell shape (0) absent, (1) triangular, (2) rectangular. 
34. Micro-hair shape (0) absent, (1) long-base cell chloridoid, (2) panicoid. 
35. Macro-hair (0) absent, (1) present. 
Sources: Watson and Dallwitz 1992 onwards for all outgroups; own observation for 
species of Tripogon and affiliated genera; Liu et al. 2010 for T. chinensis and Rúgolo de 
Agrasar 2004 for T. ekmanii; own observation for all species of Tripogon and affiliated 
genera. 
Leaf micromorphology 
36. Long cell outline (0) straight, (1) deeply undulating (omega-shaped), (2) deeply 
undulating (U-shaped), (3) slightly undulating. 
37. Silica cell shape (0) saddle-shaped, (1) dumbbell-shaped, (2) cross-shaped, (3) absent. 
38. Intercostal short cells (0) absent, (1) present 
39. Subsidiary cell shape (0) absent, (1) triangular, (2) dome-shaped, (3) both 1&2. 
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40. Micro-hair shape (0) absent, (1) long-base cell chloridoid, (2) panicoid. 
Sources: Watson and Dallwitz 1992 onwards for all outgroups; Rúgolo de Agrasar 2004 
for T. ekmanii; own observation for all species of Tripogon and affiliated genera. 
Leaf anatomy (transverse section) 
41. Hydrated green leaf lamina outline (0) flat, (1) gently undulating. 
42. Pigmented leaf lamina outline (0) U-shaped, (1) V-shaped, (2) not applicable. 
43. Total number of vascular bundles (0) ≤ 16, (1) >16. 
44. Presence of sclerenchyma strand on the leaf margin adaxial side (0) absent, (1) 
present. 
45. Shape of sclerenchyma cap in the leaf margin (0) long pointed, (1) short pointed, (2) 
absent. 
46. Colourless cells (0) absent, (1) forms complete column from the adaxial to the abaxial 
surface, (2) towards the adaxial surface only. 
47. Arrangement of mesophyll cells (1) radiate, (2) not radiate. 
 
Sources: Watson and Dallwitz 1992 onwards for all outgroups; Rúgolo de Agrasar 
2004 for T. ekmanii; own observation for all species of Tripogon and affiliated 
genera. 
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Appendix 3.  Morphological data matrix used in this study. (See Appendix 2 for character number code). 
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Appendix 4.  DNA extraction protocol used for this study. 
2X CTAB TOTAL GENOMIC DNA EXTRACTION 
Modification of DOYLE, J.J.  and J. L. DOYLE.  1987.  A rapid DNA isolation procedure for small 
quantities of fresh leaf tissue.  Phytochemical Bulletin 19: 11-15. 
Modifications: addition of proteinase K, RNase. 
Equipment Needs: 
Centrifuge, vacuum (bench top or refrigerated) 
Freezer (–20ºC) 
Fume hood 
Pipettors and vapor barrier tips 
Mortar and pestle (pre-chill in –20ºC freezer) or Tissue Lyser 
Vortex 
Water baths (preheat 37ºC, 50ºC, and 65ºC) 
 
Supply Needs: 
-mercaptoethanol  
Eppendorf tubes (1.5 ml) 
Chloroform  
CTAB (2X)- see last page for procedure on how to prepare 
Conical tube (sterile 15 or 50 ml) 
Ethanol (95%, cold) or isopropanol (100%, cold) 
Proteinase K  
 
RNase (optional) 
TE buffer (sterile 1X) 
 
 
Before starting:  
 Turn on the waterbath.  Double check that it is set to 50C and there are a few inches 
of water in it. 
 Check that you have enough of all solutions:  CTAB buffer, 95% ethanol, TE buffer.   
 
EXTRACTION 
 
1. Label 1.5 ml Eppendorf tubes with your desired codes.  Use Staedler, Sharpie or FaberCastell 
pen to do this. 
2. Transfer 10-20 (5-10 dry weight) mg of leaf tissue to each Eppendorf tubes.   
3. Add 2 stainless steel beads (5mm) to each sample and crush at 30 Hz for two times in 1 
minute using a Mixer Mill (TissueLyser, Qiagen). 
OR 
Grind tissue in liquid nitrogen with blue pestles, keeping tissue frozen the entire time. Use a 
new pestle for every sample.  (Soak pestles in bleach water for at least ½ hour before rinsing 
and autoclaving).   
4. IN FUME HOOD  
a. Prepare a master mix of your extraction buffer for the number of samples to extract plus 
1.  Each sample should contain 500 µL of 2X CTAB*, 2 µL of proteinase K, 2 µL of -
mercaptoethanol* 
b. Close caps tightly. 
c. Vortex gently until well mixed. 
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d. Discard any excess CTAB (with or without -mercaptoethanol) in the hazardous 
waste. 
 
5. Incubate 20-30 minutes in 50ºC water bath, invert every 5 min. 
6. Transfer to 65ºC water bath and incubate another 15 minutes, inverting every 5 min. 
7. Remove from water bath and allow samples to cool slightly. 
8. IN FUME HOOD, add 500 µL cold chloroform and shake vigorously to mix.   
Change gloves immediately if you spill chloroform on them.   Be careful not to drip 
chloroform onto the tubes, it has a low viscosity and drips out of the tip – it will make the 
label bleed off of the tube. 
9. IN FUME HOOD, gently shake or rock for 15 minutes at room temperature. 
While doing this, prepare new set of Eppendorf tubes with the same labels as #1. 
10. Spin 10 minutes at 12,500 rpm in room temp centrifuge. 
11. IN FUME HOOD, transfer 400 µL of supernate to fresh 1.5 ml-Eppendorf tubes, discard 
residue in HAZARDOUS WASTE.  Do not remove any of the lower layer!  If you do, 
recentrifuge the sample and try again. 
 
PRECIPITATION 
1. Add 800-1000 µL cold 95% ethanol (or 400 µl cold isopropanol) to supernate tube and invert 
gently to precipitate DNA – allow to precipitate 1 hour in –20ºC freezer [can hold longer at –20ºC 
if necessary; precipitate 2-3 weeks for herbarium material!]. 
*****THIS IS AN EXCELLENT PLACE TO STOP IF NECESSARY***** 
SAMPLES CAN HOLD IN ALCOHOL AT -20ºC INDEFINITELY 
2. Spin 10 minutes at 12,500 in room temp or refrigerated (4ºC) centrifuge to pellet precipitate. 
3. Pipette off supernate using vapor barrier tips and discard liquid in hazardous waste. 
4. [Optional] Wash pellet  
 Add 500µL wash buffer or 80% Ethanol  
 Rock gently for 10 minutes.   
 Remove supernate and discard in hazardous waste. 
 Spin 5 minutes at 12,500 and discard supernate. 
5. Resuspend DNA in 100 µL sterile 1X TE buffer (incubate 10 minutes in 37ºC dry incubator, 
vortex, spin gently). 
 
QUANTIFY 
Use spectrophotometer (see separate instructions) 
QUALIFY 
Run out 2 µL of clean DNA on test gel with size standards 
 
* HAZARDOUS CHEMICAL, WEAR GLOVES, EYE PROTECTION, OR OTHER 
APPROPRIATE PROTECTIVE CLOTHING. 
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PREPARING CHEMICALS: 
 
CTAB Buffer 
 100 ml 1 M Tris HCl pH 8.0 
 280 ml 5 M NaCl 
 40 ml  of 0.5 M EDTA 
20 g of CTAB (cetyltrimethyl ammonium bromide) 
Bring total volume to 1 L with ddH2O. 
 
TE Buffer 
 10 ml 1 M Tris HCl pH 8.0 
 2 ml 0.5 M EDTA 
 Bring total volume to 1 L with ddH2O. 
 
1 M Tris HCl pH 8.0 
 121.1 g  Tris 
 Dissolve in about 700 ml of H2O. 
 Bring pH down to 8.0 by adding concentrated HCl (you’ll need about 50    ml).  
Bring total volume to 1 L with ddH2O. 
 
0.5 M EDTA 
 186.12 g EDTA 
 Add about 700 ml H2O 
 16-18 g of NaOH pellets 
Adjust pH to 8.0 by with a few more pellets, EDTA won’t dissolve until the pH is 
near 8.0 
Bring total volume to 1 L with ddH2O. 
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Supplementary Attachment 
 
Supplementary Attachment 1.  Abstracts of oral papers relevant to this research project that 
were presented in scientific conferences. 
 
Australasian Systematic Botany Society Conference 2012 
September 2012 
Perth, Western Australia 
 
Does Inflorescence Morphology Warrant Taxonomic Revision in the Australian Native 
Grass Tripogon loliiformis? 
Melodina Fabillo
1
, John Thompson
2
 and Tanya Scharaschkin
1 
1
School of Earth, Environment and Biological Sciences, Faculty of Science and Engineering, 
Queensland University of Technology, P.O.Box 2435, Brisbane 4001, Queensland, Australia 
2
Queensland Herbarium, Department of Environment and Resource Management, Brisbane 
Botanic Gardens Mt Coot-tha, Toowong 4066, Queensland, Australia 
Corresponding author email: melodina.fabillo@student.qut.edu.au 
Abstract 
Tripogon loliiformis (F. Muell.)  C.E. Hubb. is the only described species of Tripogon 
in Australia among the ca. 40 species in the genus.  It is a desiccation- tolerant grass 
occurring throughout Australia.  It exhibits extensive morphological variation across its 
geographic range, especially in inflorescence structure, leading some to suggest that it might 
consist of more than one species.  Plants occurring in the central and western parts of 
Australia have short and dense inflorescences with overlapping relatively small spikelets, 
whilst those from the eastern part have longer and less dense inflorescences with slightly 
overlapping to widely spaced relatively large spikelets. This morphological variation may 
also correlate with the variation in habitat type where plants from this species are found. 
Variation in inflorescence morphology of T.  loliiformis will be compared against the 
criteria used for species delimitation in taxonomic revisions of other species of Tripogon 
from different regions of the world. This work forms part of a larger systematic study of the 
genus Tripogon, using both morphological and molecular data, and will contribute to 
subsequent decisions supporting or rejecting the need for a taxonomic revision of the 
Australian Tripogon. 
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Australasian Systematic Botany Society Conference 2013 
December 2013 
Sydney, Australia 
 
Phylogenetic analyses support the need for a taxonomic revision of Tripogon 
loliiformis (Poaceae: Chloridoideae) 
Fabillo, Melodina (1) P. Prentis (1), E. John Thompson (1, 2) & Tanya Scharaschkin (1) 
 
(1) School of Earth, Environment and Biological Sciences, Faculty of Science and 
Engineering, Queensland University of Technology, P.O.Box 2435, Brisbane 4001, 
Queensland, Australia; (2) Queensland Herbarium, Department of Science, 
Information Technology, Innovation and Arts, Brisbane Botanic Gardens  
Mt Coot-tha, Toowong 4066, Queensland, Australia. 
 
 
Abstract 
Tripogon (Poaceae: Chloridoideae) is a genus of grasses with approximately 40 
species distributed in Asia, America, Africa and Australia.  Tripogon loliiformis, the only 
described species in Australia, exhibits extensive morphological variation across its 
geographic range, leading to the suggestion of it being multiple species.  The leaf and 
inflorescence morphology of the Australian Tripogon is reported to resemble that of an 
American species (T. spicatus) and an African species (T. minimus).  Phylogenetic studies at 
the subfamily level, which have included only two Tripogon species, indicate that the genus 
is not monophyletic.  This study aims to reconstruct the phylogeny of Tripogon to test the 
monophyly of the genus and the phylogenetic placement of the Australian taxa using 
morphological (leaf and inflorescence characters) and molecular (one nuclear and two 
chloroplast regions) data.  The ingroup consists of multiple accessions of the Australian 
Tripogon sampled across its geographic range and at least one representative of each non-
Australian Tripogon species.  Outgroups are chosen from representatives of the subfamily 
Chloridoideae.  Analyses of combined chloroplast and nuclear data using Bayesian inference 
and maximum likelihood show that Tripogon is monophyletic.  The Australian Tripogon is 
monophyletic and consists of two clades.  Three morphological forms, based on inflorescence 
length and arrangement of spikelets, are observed in the Australian Tripogon.  However, the 
three inflorescence forms of T. loliiformis do not form three reciprocally monophyletic 
clades. We discuss the implications of our results for a subsequent taxonomic revision and 
propose splitting T. loliiformis into more than one species. 
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Botany Conference 2013 
June 2013 
New Orleans, U.S.A. 
 
Systematics of Tripogon (Poaceae: Chloridoideae) using morphological and molecular 
data, with emphasis on the Australian taxa 
Fabillo, Melodina (1)*; Peter Prentis (1); Thompson, Edward John (2); Scharaschkin, Tanya 
(1) 
(1) Queensland University of Technology, Brisbane, Queensland, Australia 
(2) Queensland Herbarium, Brisbane Botanic Gardens Mt coot-tha, Toowong, Queensland, 
Australia 
Tripogon (Poaceae: Chloridoideae) is a genus of grasses with approximately 40 species 
distributed in Asia, America, Africa and Australia.  Tripogon loliiformis, the only described 
species in Australia, exhibits extensive morphological variation across its geographic range, 
leading to the suggestion of it being multiple species.  The leaf and inflorescence morphology 
of the Australian Tripogon (T. loliiformis) is reported to resemble that of the American 
species (T. spicatus) and the African species (T. minimus). Phylogenetic studies at the 
subfamily level, which have included only two Tripogon species, indicate that the genus is 
not monophyletic.  To date, no phylogenetic study has been conducted for the genus 
Tripogon and very little is known about the Australian Tripogon.   
The aim of the study is to reconstruct the phylogeny of Tripogon to test the monophyly of the 
genus and the phylogenetic placement of the Australian taxa using morphological and 
molecular data.  Ingroup consists of 70 Australian Tripogon sampled across its geographic 
range.  Outgroups are chosen from representatives of main clades in the subfamily 
Chloridoideae.  From these samples, 80 leaf and inflorescence morphological characters and 
4 molecular loci (trnL-F, ndhF, matK and ITS) are studied.  Four different morphological 
forms based on inflorescence length and the arrangement of spikelets are observed in the 
Australian Tripogon: a) long inflorescence with short, distant spikelets; b) long inflorescence 
with long and overlapping spikelets; c) short inflorescence with short overlapping spikelets; 
d) combination of long and short inflorescences.  Both T. spicatus and T. minimus have 
inflorescences similar to the first type.  Two types of subsidiary cell shapes (triangular and 
semi-circular) are seen on the leaf and lemma of Australian Tripogon.  The outline of long 
cells on the leaf and lemma is either Ω-shaped or U-shaped.  Both adaxial and abaxial 
surfaces of the leaves have macrohairs, while others contain macrohairs on the adaxial 
surface only.  Parsimony analyses of morphological data show that Tripogon is monophyletic 
and consists of two large clades.  Clade 1 contains T. spicatus, T. minimus and all Australian 
Tripogon.  All other species of Tripogon form Clade 2.  Pasimony analyses using chloroplast 
DNA, trnL-F, show that the Australian Tripogon is not monophyletic.  T. spicatus and T. 
minimus are nested within the Australian Tripogon. 
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Tripogon (Poaceae: Chloridoideae) is a genus of grasses with approximately 40 species 
distributed in Asia, America, Africa and Australia.  Tripogon loliiformis, the only described 
species in Australia, exhibits extensive morphological variation across its geographic range, 
leading to the suggestion of it being multiple species.  The leaf and inflorescence morphology 
of the Australian Tripogon is reported to resemble that of the American species (T. spicatus) 
and the African species (T. minimus). Phylogenetic studies at the subfamily level, which have 
included two Tripogon species, indicate that the genus is not monophyletic.   
 
This study aims to reconstruct the phylogeny of Tripogon to test the monophyly of the genus 
and the phylogenetic placement of the Australian taxa using morphological and molecular 
data.  Ingroup consists of Australian Tripogon sampled across its geographic range and non-
Australian Tripogon.  Outgroups are chosen from representatives of the subfamily 
Chloridoideae.  Four morphological forms, based on inflorescence length and arrangement of 
spikelets, are observed in the Australian Tripogon.  Two types of subsidiary cell shapes 
(triangular and semi-circular) are seen on the leaf and lemma of Australian Tripogon.  The 
outline of long cells on the leaf and lemma is either Ω-shaped or U-shaped.  Parsimony 
analysis of morphological data shows that Tripogon is monophyletic and consists of two 
large clades.  Clade 1 contains T. spicatus, T. minimus and all Australian Tripogon.  All other 
species of Tripogon form Clade 2.  Bayesian analysis using chloroplast DNA, trnL-F, shows 
that the Australian Tripogon is not monophyletic.  Tripogon spicatus and T. minimus are 
nested within it. 
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